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PREFACE. 



O^lriE &TOiir with vhiab the aitidee and ttar-mx^ enticed "The Mtdai^t 
Sky At Loudon/' were xeoeived hy the reeden of the Leieure Smtr, has 

* 

enoounged the Gcximiittee to re-iiiae them, witii aome additbiial Mtratomical pH»ein, 
t& a eepente and more oonTenient fiirni. In the arrangement of thia woric ftc the 
preao, the audior haa made a oomplflte teriaidin of eveiy part, omitting many pa»igra|iha 
which had referenoe only to the tinui of the aerial pablkationt and adding much 
important matter which, in a permanent book, ahoald haye a ^aoe. He haa not only 
re-writtoa many portiou of the text, but he haa alao inaerted aome remarka on the 
Solar Syetem, inolttdiag the Son, (he Earth, the Hoon, Merouiy, the Minor Planet^ 
Uraaua, Neptune, and Oomete, none of whioh were deaoribed in the original papem. 
C(nind«rab1e additiona have aJao bem made in oth»r parte of the work, o^eoially in 
the chapter on "Oenenl Notea on the Fixed Stan." 

With regard to the etur-maps, the author believes that, with the assistance of the 
corresponding index-inups, the studfiit will cxjm rioiu-c V)ut littU' diUicuIty in rcvoj^nisiiig 
the priucijtal ^lars and constellations in tlie licavtiis. TIkic may bo a partial failure 
at first, but by pcrsrvcring in u hyf>tc''"at ir comparisoji of the diugrains with the 
sky, uny intolligcut person will sotjii conquer whatever difficulty may arise. That 
many persons have sticceetlod in recognising llic principal objects, by the uiic of the 
sky-views, has been proved by the numerous pratifyin;^ conununicutions which the 
author has received from corresixindents reaidciit m all parts of Great liritoin, during 
tho publication of the articles in the pages of the Leisure Hour. 

Astronomy has for agee been one of the moat popular of the sciences. 
What greater dehgbt can be experienced by thoae who take pJeaanre in the' 
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caatemplatiQiL of HAtafal objectSi tliBii by becoming personally acquainted witb 1h» 
Telative poaitioiu of the pkaeto and principal lian ; with tlie general oontour of the 
distent eonrtellationg ; and with numy other iUosttations of God's creatiTO wisdom 
as dispUyed among the stany hosts above and axoond nsP ** Why did not aomebody," 
says Oarlyle, "tsodi me the oansteUation^ too, and make me at home in the stany 
IkMTenst whwh are always orerheed, aod wliielk I don't half know to this dayP" 
Now, it has been the earnest desire of the author to he the "eoaebody" of Carlyle, 
and if his very familiar notes have enlightuoed the minds of his readen»» even 
if only in ft small degree, the nomerons Tiews of the s^ and the iUustrative 
deseriptions wiH not haye heen prepared in vain. 

Obibkwicr; tktaitr \, IMS. 



Grcvk letten btii^g owil to iliitiitgDiith the prindpal etaa, the following olpluklii-t 
my ba lulpfid to some mden :— 
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INTRODUCTORY AND EXPLANATORY. 



FEW brief and elementary explanations will enable the reader to understaild 
the niotfind adopfrd in the cDnsh'ucf ion of the following repres6iitfttioiw of 

the >i!arrv hravciis as ^vvn at luiilnight. 
Although all thu sUu-iiiaps of the northern hemisphero are given for London 
excldfltvely, yet they tire equally avaikUo for every place on the surfece of the Esrth 
where the hititude is dl* 9(f N. The eelection of Loudon m a purely eibitrary one ; 
any other city in the same latitude would have answered our purpose as well. In 
all districts 8itu;it<Hl within n few dngrees north or Houth of latitude ■'51'' !?0' N., the 
star-views are al^o approximately correct, so that aa ordinary observer, without 
e tdesoopo, would probably fail to detaet llie diflerence. It is of no fionsequencc, 
thexefoie, in what part of Londoi, or its ndghhourhood, the obserrer is located. 
It may bo in the heart of the City, on the heights of Hampstcud and Ilighgate, 
among the denizen'^ of Krnsiui^toii <ir I'l I^'raviii, or in fh<» astronomical atmusplu re 
of Greenwich. At all these places, th« uppearaiue of the heavens at midnight is, for 
all practical purposes, the bamc. And with alight and unimportant diifcrenccs, which 
easOy admit of correction, the same remark holds good of the whole of Great Britain. 
In the sky-views of London, the observer is supposed to be looking north, directly 
over St Paul's Cathedral, and looking south over Qreenwioh Hospital, with the 
£oyal Observatory in the background. 

In the representations of the southern heavens, different places have been selected 
on the poralld of 34" S. latitude, induding views in tiie Cape of Good Hope, 
Austnilia, and South America. In one or two instances, the position of the stars is as 
seen at aca from on board ship. 

With respect to places in the snme parallel of latitude, but separated hy a 
considcniblo difference of longitude, there is one important circumstance which the 
reader must bear in mind. As oil the diagrams of tlic sky of the northern hemisphere 
represent the. view ,of the heavens at the loatl midnight of London, end those of the 
southern hemisphere the kctU midnight at the respective localities, so, if we wish to 
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compare them with the sky at other plucea in the same latitude, eay in North AmcricOt 
Nortlieni Qtxmaay, or 6V«a in Ami, it miut be at the loeai midnigbt of ench station. 
Or, if we desiie to make a dmilar eompaiiMB frith tiie wvllieim aky fiw dilforait 

places, it must also bo at the heal midnight of each locality. Ziei us take aa an 
example the February diagrams of the southern slcy, which correspond strictly with 
the hotveus on February 15th at midnight, Ca]>e mean time. Hero the landscapee 
we Ttew* of two atationa in Capo Colony, but au obeerver in Australia would bare 
aeen exactly the aame ttam above the horinm at bis heat midnight, whidi ooourred 
eight or nine hours before. In this interval of time, the Earth haa tunied on ita axia 
a distance corresponding exactly to the difference of longitude between the two 
countries. ^Vlsert've'r tho n-jiflcr of these pag«'^ is fiituated, therefore, no confusion need 
arise in his mind on this ground, for he bus only to consider that the diiignims 
xepreeent the heaveiM at Aw own midnight, whatever longitude his etatioa may be, on 
the perallela of SV W north latitude, and 34* south latitude reapeotivefy. Tn Great 
Britain, Greenwich mean time, determined daily at the Royal Observatory by the 
observntions of (ho transits of standard stars over the meridian, or ntil\v;iy timo, as it 
is more commonly cjtlicd, is now so universally kept in all parts of the country, owing 
to the extension of the railway system into its remotest corners, that the gieut 
majority of people know little or nothing of their own local time, aa i ndicated 
by the culmination of the Sun. The adoption of a universal clock-time haa been 
acknowledged on all sides to be a valuaLle contribution to the order and punctuality 
of the nation, withont any corresponding drawback lK>ing produced on domestic interesta 
by the ditiereutu ui' longitude between tho extreme eastern and westeni coasts, which 
does not, at tho greatest, exceed half>an>honr. If our diagnuna were eouulted in the 
Laod'a End diatriet of OornwaU, the time seleeted for the ecHnpariaon should be twenty* 
three minutee peat twelTC, railway time. 

For ordinnry purposes, it wouM jiol l>o convenient to adopt a universjil time fur 
different countries ; lor if Greenwich meuu liiue were kept all over the globe, uhhougU 
gome advantages might occasionally bo derived by the mariner for nautical purposes, 
the ordinary eiYil days would b^n and end ao oontrary to all our notiona of oommou 
sense, and so antagonistic to the natural day of the pleo^ that endless confutnon in the 
daily huhif s of the people would bo tho con8c<iuenco. Every civilised country, therefore, 
has generally its own local or national time, referred in most cases to that of tho 
metropolis, or of tho city or town where tho principal observatory' of the nation 
ia situated. Li. large and thiuly-jxipokted eountnes, wher^ in the oiheeBce of luilwaya, 
interoommunicatioa is dilBeult, the local time of the diief town of each provinoe 
or distiiot is firequently adopted. In Great Britain, as stated above, the standard 

Greenwich mcini time, coinmimicatcd daily from tho Koyul ObsorvntDry 
to all parts of England by means of the telegraph wires io connection with that 
establishment. Irish time— the same as Dublin time — ia used throughout our sister 
island, even to the westernmost coasts of Eury. The whole of France keeps runs 
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time ; Germany kccpa fiorlin or Yienua time ; northern Russia, St. Petersburg or 
Pnlkmni time; the United States of America, WoshingtoD, New York, or Bostoa 
time, and ao on. 

Til like manner, in {he aouthem hemisphere, at the Gqw of Good Hope there ia 
Cupe tiiiio; in Australia there is probably Sydney, Melbourne, or Adelaide time, ns tho 
case may be. It can tluia be ooBily perceived that, iif't«r tho diagrams of tho aouthera 
hemiephore have &ervcd their purpose as guides to the star- watcher at on Australian 
nudDight, they will, eight or nine honrv afterwarda, be equally availaUa for a Gape vi 
Good Hope midnigSit, flie ooafigaiatuna of the atan htaag aeea m bo& plaoea under 
exactly similar oircunutances. 

A few brief general explanations of the ma^ are requisite. In comparing tho 
diagruiiiii with tho sky, the observer is supposed to be looking either due north or liouth 
along the exact meridian of his station. This position is absolutely necessary ; for the 
apparent aspect of tiie conetdlatfana is difiiarait if tiio ftoe be turned ande from tiio 
true plane of tho meridian towarda tiw eoKth-veit or loatti-east, north-welt or north-east. 
One of the first objects to consider, therefore, is to bo certain that the direction of tho 
imaginary meridian line? is approximately kno\<-n. This moy be done by several methods. 
In the day-time it can be determined by noticing the exact time when the Sun is on tho 
meridian. As this takea place generally acme minutea before m after ordinary local 
noon, refisrence must be made to the calendar of any almanack in vbiob this differmoe 
is usually inserted. The moment when the Sun is in tliis po3ition» it is at the highest 
point in tlio heavens, or on the meridian. At ni;,'ht, the same can he done by 
observing the Moon on tlie meridian, the time of which is also ^'ivc n iu must almanacks. 
But the most useful method of all, because it may be adopted at any instant during 
the night hours, is by first finding the ^orth F«3e» indicated approximately by 
the poaition of Polaris, or the Fde star. Tbh weU^known fixed star can be easily 
detected by nring the first two stars in the principal group of tho constcUation 
Ursu Major, as pointers, and is so near the celcstia! pole that, for all practipal pur|>08c8 
of this kind, it may bo assumed to be a fituliunury object. When the observer has 
identified Polaris, aU. he bos to do is to draw an imaginary line in his mind from the 
pole to senith, and flienoe to tho south horiaon, and ho baa detemined thenmidian 
line* of his station sufBciently well for tho comparison of tho diagrams with the heavens. 

Tuieh of the star-views represents the sky included between the zenith and the 
north or soutli hori/^on, according as tho observer is looking north or south. Praclically 
this is more of the heavens than the eye can grasp at any one time, for tho stars situated 
in said near the aenith cannot be aeen wi^nt a ipeoial effiirt of tho obserrer. Aa the 
celestial vault is apherical, it is very diflkult to rqptreoent its appeaxanoe effidently on a 
flat BozfiKie without oonsidenible distortion of the ooosteUataons in aome dtxeetioitBi There 

• Tho wiml ineriiliRn lU riMd from tho T,«tin meridiet, miil-tlay, bocniMO when tho Sun i» in 11i.it iK.siti'ju 
tbere is noon mt all placM of the mm loQgiUMl« u that whore it is aitiuted ia tb> aenith. Tlie term mcridiau may, 
howimr, Im aiMS txiwdj diAiied as « ditle oftlis odastia] qbara paaiing Omn^ tlis Mnith and the poica, 
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are several methods of ponstruotin^ polcstial maps, but thoie is uot one in wliirli the 
constollationa are free from distortion, eitlicr more or Ic^s. lu the projection adopted 
in the ftwmation of tlus eevka of diagrams, thi* dktortHm tilcM pho* iie«r tlw komon, 
but not in the central part of the map. Partly for this reason, but chiefly because the 
Rcalc of the diagrams \s(ui1d become fur too small fur the cosy identificiition of the 
different objects, the .sky li>\v down in tlio rast and wrst has been omitted. When, 
howpvpr, stare of superior magnituilo arc vi'^ililr in tlic casi nnd wptat ont of the range 
of the maps, tlicir positions are geutrulJy puiulcd out in ilie niouihly descriptions, so 
that it trill not be a difficult tads for our youngest reader to identify them. The positioM 
of the Uoon and planets cannot of neoeesity be inserted, on aoooont of the vatying and 
peculiar character of their movements. 

If tlie iipppr prirts of the two monthly diagrams be joined together, the heavens 
fi-om the south horizon to the north horizon will be ropre«cutod. The i-eadcr is therefoi-o 
requested to bear in mind that the upper boundary Ilnea are due east and west, passing 
through the cenith, or the point in the heaTens directly over-head, and that the meridian^ 
line dividea the diagrams into two equal portions. The central part of each is therefore 
on the mpridian, about forfy-fivr di ;^rces fnuu (lie zenith. Every star down tn tho fifth 
magnitude is inserted in Ilic diagrams loi>kin^ j^uuth ; the northern diagranin contain all 
stars down to tlic fourth magnitude, and in some of the ( onateilatious to the hftli. The 
addition of many more small star* «onld only tend to piuduoe ccmfnsion, trittunit bung 
of any practical benefit to the reader. The interest of most non-tdLesccpie star-gaaers ia 
]ir)iH {pally centred in those stars only which are prominent olgects and easily to be 
distinguished. 

The reader will find the index-maps a considerable assistance to him for the proper 
dinoi&tian of the large diagrams, independently of the descriptive explanatory notes. 
In the pn^aration of the index-maps, care has been taken to indiude all the large stua 
of the first and second magnitude^ and many of the third. By the aid of these 
supplementary roup'!, every important utrir can, with veiy little trouble, be directly 
identified, not only in tlie large maps, but also in the heavens itself. The descriptive 
notes for each month must be coosidenxl complete in themselves, without refcrouco to 
those in any other month, unless ^eoially mentioned. For this reason, we haTO found 
it oocsaionally necessary to indade a few remarks whidi involve a repetition of what has 
been given in a preceding month. 

The appar(>nt elmnpfing position.s of the stars, with respwt to the zenith and horizon 
in different seasons of the year, cannot fail to attrac t the notice of the most superficial 
observer. In the descriptive notes for March, tlie cause of these seasonal changes is 
bttefly explained. The change is going on regularly to the extent of about four minutes 
of time daily, amounting in a month to two hours. This monthly alteration in the 
position of the stars at midnight is vl t y appre<nable in the successive diagrams. As the 
apparent positions of the stars thu> dianofe relaflvdv to the meridian at midnight, or 
indeed at an}' fixed hour, in the ditiercnt months of the year, we have selected a day in the 
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middle of each mouth for their delineation. But although the star-maps in January 
represent the appearance of the Iwatbim at midniglit an His 15tli of that mouthy yet tiie 
same maps ai« equally applicable at oiiher night-lioiin in eubaeqnent aumtiu cf the year. 
The MUne femark may bo repeated for each diagram. For the convenience of thoM who 

may use thorn at any otiior hour than midnight, wo have prpparcd flic following; tabular 
statement, which gives, at one view, the hour and month when each diagram of the aeriea 
ia available for compariison with the sky :— 
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[HIIj?] cnin paring this series of diagraiua with the sky, the obscn'cr ie supposed to 
b<' staf ionwl in some pwif ion where ho can command nn tmintemiptcd \iow of (ht- 
heavens from the north to the south horizon. To do this properly, he must bo out 
«f doofii. Tiewittg; tkj fimtt a windovr of a dwelliiig-houle ie very deceptive, as about 
thirty dAgreea of ihe aky from tite senith is oomplflteljr cat off, nuldng the apparent altitude 
of tlie stars above the horiioii much greater than tho reality. In our remarks, wo therefore 
assume that tho ohsorrer h;is seln lt'd u fnvourublo position, iiiid (h:it he hm furnished 
himself ^rith a hinul-lanii), in enable him to make his comparison of tho diafirams directly 
with the sky. The hrst thing for him to do is to iind the direction of the meridian 
approximately. In iho mtrddoeCovy chapter it hM hcNA •taUd ibat, is the mght-timo, the 
bort mediod of tahtg imagiQary linc^ is to diaooter tho pontion of the KwUl Pdo, 
indicated very nearly by the welI»known XBol&tod star of the second magnitude, Polaris. 
AVhen found, a little time will be well sptMit in forming some acquaintance with tho 
general appearance of that part of the sky, so that, in future observations, the eye may 
fall readily upon the spot wilhoat tpooial MfemnoB to other etara. 

The nuMt popokri and by Ihr tb» oaaaast, way of Bnding Polarui, is to gknoe at the 
u]UTeradly-kno\m aeven atars in Ursa Major, a constellation which has probably attraotod 
the attention of most persons. Thoro csm be no diflBculty in identifying this Ursa ilajor 
group, the general form of which is so well tmderstood. Now, at midnight in January, 
tho two stars neorost to tho zenith, or point ovcr-houd, have for ages boon popularly 
deagnatfld the Pointon!, beoaue a atrnght line drawn from Uerak, the moie aoatherly, to 
Dttbhe, the more northedy of the two^ will lead, if oontiniied, yvry nearly to Polaris. 
Theae two leading stars thoroforo clearly indicate the position of the Polo of the heavens 
and the Pole star, whioh is situated in a part of tho sky frcxj from otlicr stars of a similar 
magnitude. Probably there will be little chance of mistaking any other object for Polaris 
ailter reading tho following lines 



" When joiul«r ndunt boats idom 
The northerti sratiuf «ky, 

Slviu stixi-s, ft spl'Tiilid glorioiui 
First fix tho wand'riQg eye. 



To deck great Uns's Anggf fonu. 
Then Mlliiiit or'ba eomUiis j 

And ivher>^ Oi<' fr,l nnd /u-cvnd point 
^lere see Ii>iaru shine." 
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Having found rolaris, wo will now endeavour to make a detailed comparison of tho 
southern diagruin with tlie aky south of thti zenith, which it is hoped the reader vill be 
■ble to fellow easily. Firat» however, let w find our meridUa OMtu of Fohria. 
Whilft we have, in faet, been noticing Hm star, we We been unooneoioudy looidng along 
tiie plane of the meridian, north of the zunith. As tho meridian line ia a great circle 
passing through the zenith and tho poles, it is c\ idi nt tliat if we turn our back towards the 
Pole star, and carry our eyea downwards from the zenith to tho south horizon, we shall 
describe an arc which will be the meridian of die observer's utaliuu. On January lo, at 
midnight) the accuracy of the determination can be at once Twified, for on that day and 
hour the three bright itarap Ceetor, Follax, and Froeyon, are ywy near the south 
meridian. 

The direction of the moridian being duly settled, we comraence the comparison 
of the southern diagram with the heavens, by looking directly overhead, which 
oonwponda exactly with the oentre of the boundary line from east to west in the 
upper part of the diagram. The sonith is now oocvpied by the oonstellation Lynx, 
which contains very few Stars above the fifth magnitude, consequently that part of 
tho heavens looks ponipnratlvcly bare. Passing f<lowlv downwards on tho morldinn, 
wo soon conio to tlio two brigiit nhjoots Custnr find I'oUux, the latt-er boitig tlio more 
southerly. Lower down, about forty-live degrees Iruiu tho atcnith and horizon, I'rocyon, 
in the loins of CSaats Minor, shines out as a very promineut star. One a little north> 
west of Prof^oQ is Beta Ckmis ICinoris. The foUowing oonatellataoos are at this time 
on the meridian, commencing at the zenith — ^Lynz, Gemini, Osnis Minor, Mouoeera^ 
and A I go Nuvis, the last l>oing nenr the horizon. 

"West of the meridian, west and south-west of Castor and Pollux, the most 
interesting portion of the sky of the northern hemisphere is spread out before us. 
first, we have Taurus^ with its principal star, Aldebaran, surrounded by numerous 
smaller gems, commonly called the Ilyudes. North of these arc the Pleiades, so easily 
recognisable to the naked eye by their nebulous appearance. Then there is the beautiful 
constellation of Orion, second to none in either hemisphere, but equally visible in both ; 
while nearer the south horizon and the meridian, the splendid dog-star Sirius, with 
its Tsiy brilliant attendants^ are all indoded in Osnis Major. Looiking due wes(» 
Capella, twenty-five degrees from the aenith, is very oonspicuous, followed by Beta 
Aurigse. These two stars being circumpolar, never set below the horiton of London ; 
they arc eonseqncnfly visihlo, like the seven stars in Ursa AFajor, on every night 
throughout tlio year. Ca]iolla hiing t-liglitly north of west at midnight in January, 
is inserted in the map of the norlhcru bky. The numerous stars between Castor and 
Pollux and Aldebaran belong partly to Tauros, and partly to Qenuni. A tolerably 
l»ight object near the western edge of the Milky Way is Beta Tauri. Of the Orion 
gronp, the two brightest stars are Betelgeuse and Rigcl, the first being that nearest 
the meridinn, and llic latter that nearest the horizon. Tho three in the belt can he 
found b}' any one at a gknce. Below Orion, near the horizon, are Lcpus and 
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Eridanus. Cetus is very low down in the west. Tin- Milky Way adorns the WflRtetU 
akj at this time, adding considcnihly ta the hrilliriiK y of the surrounding ohjects. 

The sky east of the lueridiuji cua Ixjuv no fonii>ari»on with that which haa just 
passed Wider our notice. The principal group ia that of Leo, whidi ooiitiM'De Begulus, 
DenebolB, and MiTenl other large stars. These can all he identified in tike upper pari 
at the left-liaiul sidf of the diagram. Tlw indexmap gtTes the nnmc of each. Some 
distance Ik luw Regulus, the thief star in Ifydiii is easily seen, being riithor ron'sjiiruous 
till aetoimt of the absence of ony ohjt-cL ut tHjuid magnitude within a considerable 
distuuco uruuud. 'Hxo principal constellations above the horizon in this quarter of th<i 
sky at this tine, are Osncer, Leo> Hydra, Sextans, Leo Minor, Crater, and portions 
of hjnXf Uisa Major, Coma Berenices, Tirgo^ and Argo Navis. 

The ohsorver is now rwiuestcd to turn round ho as to face PoluriH. lie will then 
pcrrcivo that lictwcon that star and tho zenith, there is not a singh- olijiit worthy of 
special notice. This district is occupied by the unimportant constellations Lynx and 
Oameleopardalifl, and by an outlying portion of Una M^or. We must not oonfine this 
last oonsteUation to the limited area occupied fay the eenren principal stare, tov it eztnide 
south and west of them far some distance. Thin group is now approaching the meridiun, 
over whieli the two advanced stars, l>einj; nearly of tlin pamp right afieension, pass almost 
Bimultunoou.sly. "Wlini Alkaid, in the tip of the l^i ar's tail, is in tins position, it if- about 
three degrees auuth ul' the zenith. Near the horizon in the east, out of the range of the 
map, Arctums has just risen. Several other stars in Bootes are also yisiUe. Looking 
very low down, in the direction of Ursa Majov, die Northorn Crown has also just risen* 
The horizon in this quarter of the sky is principally occupied, from cast to west, hy 
Bootes, Corona T?orcalis, Hcrenles, T»vm, nnd Cygims. Alpha Cygni, the chief star in 
Cygnus, is visible in the diagram over the western towers of St. Paul's. East of Polaris, 
two average stars marlc the extreme limit of Ursa Minor, the general contour of which 
can be dearly made out on Tory fine nights, the other extremity of the constellation being 
near Polaris, which is situated in the Leaser Bear's taih Between Ursa Minor and 
HcrciJes or Lyra, soino of the chief stars in Draco maybe identifnd, csperialiy Beta 
and Gamma Draeonis. Rcforonco shonW be made to tho indes-niaj) d'V lluir names. 
The bnUiuaL star, Alpha i^yrtc, frequently colled Vega, may be perceived at midnight, 
iHten the horiaon is firee firom base, about one degree high. 

West of Polaris, in the Milky Way, the group in Cassiopeia oan be easily recognised. 
Another group, also in the Milky Way, obovo Cassiopeia belong to Perseus, the variable 
star Algol being in o small offshoot of that liimiuous stratum. Ci phcuH is below Polaris, 
between Cassiopeia and Draco. A portion of Auriga occuj)ies the upjicr part of the map 
west of the zenith ; its position is marked by the first-class star Capella. The horizun from 
north to west contains portions of Cjrgntts, Andromeda, and Pisces. Alpha and Beta 
Arietis, in the constellation Aries, arc low down in the west, out of (he range of the 
diagram. The Milky Way in the Northern half of the sky passes through Perseu^ Oss* 
siopeia, Cepheus, and Cygnus, where it sets below tho north horisou. 
14 
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The preceding remarks, referring to the time of nidnigbt on Jtamay 1 5th, a»a ilso 
atrictly applicable to four minatos before midnight on January I6tb ; eight mmntes before 

midnigbt on Januarj' 17th, and so on. As stated in the introductory chapter, the appear- 
ance of lliL' lieaVi'iis (lius clKUigi'S in relation to tho nicridiuii at any stntrd fimo, a!>ont four 
minutes viivh (\:\\, i\ wlinle year {)as>iiig away but'ore the isamv .star can c-uliniiialc at the 
eamo hour uf m\ar time. I itr exaiaple, the stars which pass the iiieridiun at inidtiight on 
January 10th, 1870, will not pass again at that boar tiU about January' 15tb, 1871. Hie 
oaiiM of thcoe obangeB ii more fnlly explaiiied in the llax«b notea* Thiie the diagrams 
for midnif^ht of oarh month serve for Other houTBy as giTGO. in the tabnlar statement at the 
end of the introductory chapter. 

The principal constellations of tlio north sky arc all circumpohur, and oonaoqucntly, 
in the latitude of Great Britain, thdr ohief stars never set below the horiaon. They pa^a 
the meridian twice daring the twenfy-foor honrs,^ — onoe above and once below the Pole. 
They can, therc-furc, bo seen at midnight, or, indeed, at any boUT tiuNMigfaotti the year 
when the skv is clear. At any fixed time they may 1k' noticed at one fifnson nf the rear in 
the east, at anuther seasou in (he west, at otljer times north or south of Polaris. An 
examination of the complete series of diagrams of the north sky shows at sight these 
eeasoual changes of positioa for tiie boor of midnight. But he must be a very oarelesa 
observer who has not also notioed aimihr daily ohangea of position arising from the 
EarlJi'a rotation on its axis once in twenty«fbnr hours. As an example of the daily 
apparent revolution of the rirrum|)olar stars round the Pole, let us note tlio position of 
the (ireat Bear at six o'clock in the evening of any day in January ; at this time it will 
he found adorning the heavens towards the north-east horizon ; at midnight it will be as 
depicted in the diagram of the north eky ; at six o'doek in the mmiing it will be in a 
oorrcsponding position on the opposite side of the meridian; and at noon it will be 
towards tlie north-west liori/nn, wlien nil its briplit stars can bo easily observed liy the aid 
of ordinary telescopes. In observatories tliere i,s now no difliculty cxpcrienc'<Hl in making 
astronomical observations of the principal objects in daylight ; on the contrary, most of 
the stare indnded in the diagram of the northem eky can be seen at all hours of the 
day when passbg the meridian. In the days of Flamsteed» die first AstKmomer Boyal, 
ordinary telescopes were not sufficiently powerful far this purpose ; but in order to observe 
daily, if ])ossiblr, a celebrated star, Gamma Draconis, wliieh liajjpens to pass over the 
zenith of Ureenwich, he had a dc*'p wtU excavated, in which he erected a long tube or 
telescope. In the archives of the Royal Observatory a contemporary drawing of tliis well 
is preserved, showing an observer, probably the oelehrated Flamsteed himsdf, at the 
bottom» in the act of making an observation of this standard Greenwich star. At 
the present day Gamma Draconis is viewed by means of a beautiful and precise instnmaent, 
designed by the present Astronomer Royal, e:ille<l " llie reflex zenith-tube," placed in 
a small apartment level with the usual observing-rooms ; the observer has therefore 
no need to descend below the sui&oe ot the gnnmd to see tins star, wbetber it be in 
the day or night. 
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^^^^X comparing the diagnim of the sky south of tho zenith for mullklgilt ilk tJie middle 
^gBMI of February with that for the middle of January, it will at once be perceived 
that oonsidcrahlo cliangcH in tho poHttinn of the constellations, with relatinn to 
tho meridian, have taiien place, all the stars having, without exception, travelled towards 
the w«et. Boguming At tli« west, or riglit-hand «id« (tf the diagram, we find that the 
oonstelktuni Orion has, for the moet part, paMed out of its limita, though it is still vinble 
in the heavens very near the horizon a little south of west. ThtOiighoat the evening 
liouih this splendid constcllifion is the most conspicnoTi*? ohicct in the heavens, paaaing the 
mcriiliiiu, or higJiest point, about seven o'clock, and then gradually desfieuding to the 
horiisun, where it seta about one a.m. Following Orion, the brilliant star Sirius is disap- 
pearing from Tiew at nudnight Castor, PoUuz, and Procyon, all of whioh were on the 
meridian in January, have now considerably advanced towards the wea^ while the large 
atar Regulus, iu Leo, is near the meridian. The stars Arcturus in Bootes, ami Spica in 
VirfTo, are just entering as brillisint object!?, one ruddy, the other white, Ari turns being 
distiuguitdmble due east, and Spica iu tho south-oist. The small const ellut ion Corvua, 
bw down m the aoutJi-ea^ ia aoon Identified 1^ its four moderately bright itan. No 
object worthy ol notice u near the aenith, excepting a few atara of the third magnitude in 
Ursa ^fajor, a part of which at this hour is directly overhead. The principal Stars of thia 
constcUiition an , however, north of the ce&itb, ittduding all the seven stars commonly 
called Charles's Wain, or the Plough. 

We are now looking directly south, towards the meridian, ihu u.vact position oi which 
we haTe detennined by the rales given in Jannaiy. We may reasonably assume, there- 
fore^ that there will be no nuwe difficulty in ascertaimng the true line of north and south. 
If we look upwards near the zenith, a few stairs In Ursa Major will strike theeye. A dose 
pair of stars a little west of the zenith arc Iota and Kappa Ursa^ Majaris iu the Great 
Bear's right fore-foot. A similar pair, a little lower, and nearly on the meridian, are two 
rather brighter stars, named Lambda and Mtt Uneo Majoris, situated in the Bear's right 
hind'foot These two pain of stars are Tety clearly distinguished from die surrounding 
small objects, not only when in their present position, but also when in the north«westem 
and north>eaatem quartos of the sky. Passing the eye down the meridian we oone 

IS 



Digitized by Google 



w 




THJC UIONIOBT SKY AT lOVVOV, UWKIMO KOKTH. rKBRl'AEY 16. 



INDEX-MAP. 



18 



Digitized by Google 



Digitized by Google 




TUK MIDMOHT SKY AT LOMWM, U>OKI>'0 aOlTII, FKBKUAKY 16. 



,ir,tunn firfntrA , 



.) temit 



} Htmtnrrtun 



^ . ti/ym/< 



INDEX-MAP. 



1» 



Google 



I 



PJIBRVARY. 

in m mtamting group ia Leo» popularly named the Sidde^ from its rewmbUnoe to ths 
form of tbat agrioaltural instnmieiit. Thk group oontists of tewtti stars, indoding 

Regnlus, of the first magnitude, Gamma Lconis, of the second magnitude, and Epsiloa^ 
VAsx, find ^lu Lt onis, of thp third magnitude. Almost due east of the Sickle the next two 
moderately sized stars are Oelfa and Thcta Leonia. East of these ia Dcnobola, marking 
the position of the tail of Leo. Deueljola, Arcturus, and Spica, form very nearly an 
squilatoral triangle, wliioli ia an easy moans for the iden ti fication of eacli. Tha feUowing 
not very poetioal liaes xslsr to these stars : — 

**Viim Denels in the Iion'« tail. 
To Spica dnnr • Vm, 
Then will tihiM two mftlt Aictnrua 
A biiglit trin^ diina." 

Between Leo and (he nearest dose pair of atara in tTrsa Ibjor, the small ooastellation 

Leo Elinor h situated. It contains no star grf^ter than the fourth magnitude. Between 
Dciiebola and Spica, several stars of the tliird magnitude bolonf^ to Virp'o. IFydrn extends 
from near Cauia Minor, weat of the meridian, to below Spica, near the south-east horizon. 
Alphard, its principal star, and the only one at all conspicuous, is slightly weet of the meri« 
dhm, floath-west o£ Regulus. Sextans, between Leo and Hydra, is a small oonstdlattoa 
containing only stars of inferior magnitude. Corvus and Crater are between Virgo and 
Hydra. The comparative dearth of large stars in the neighbourhood of Alpha Hydns 
presents a great contrast to the brilliancy of the more northerly constellations. 

Wo havo stated above that many of the m<»t attractive groups of stars are now 
passiog away in tlw west and south-west. On this side of the mmdiau, Oastor and FoUuz, 
and several bright atavs ineluded in Gemini, are the principal objects between the aenith 
and the brilliant groups of Orion and Oanis Major, now near the W.S.W. and S.W. hori- 
zon. 'l'h(< ]\Iilky Way may be seen passing between Procyon and Sinus, through the 
unimportant constellation Monoecro?. 

In the diagram, looking north, all the circumpolar stars included in that for January 
16th can again be easily recognised, alUiough in relation to the Pole and meridian they 
eathibit a sensible alteration. Ursa Uajor is still on the eastern side of the meridian, to 
which it ia gradually approaching. To view Ursa Major at this time, we must look nearly 
over-head ; the most convenient way is to lie in an inclined position, with the face directed 
towards the zenith. The other circumpolar enn^tcllations, I'erscus, Cassiopeia, Cephcus, 
Draco, and the most distant of the stars from the Polo in Ursa Minor, have advanced, in 
the same proportion as Ursa Uajor, in the direction from weat to north and east, while 
Andromeda, Cfygnus, Lyra, Hercules^ and others, being only partially circumpolar at 
London, have moved in the same direction at greater distances from the Polo. Since 
January loth, a considerable portion of Auriga has passed from the southern half of the 
sky to the northern, 

Looldng towards the west, or rather north of west, the two principal stars in Auriga, 
Gapella and Beta Aurigie^ are the first objects whbh wiU attract attention. These two 
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■tars, being never absent from oar view on aiaxligbt nigbts, are known almost as weQ as 
the tTrsu ^fajor pfroup. They nrc now nboiit bulf-wny V»rtwccn the zpnifh nnH horizon, 
Capella being tliu larger and tarthcr from the zenith. Lower still, but more towards the 
noitti-iraat, the group of stars in Perseus can be pointed tmt irithout difficult, espeowUj 
if the indeX'-map be referred to at the same time. Of tlie Pmeoa groups Algol is at the 
^vcsteiu wl<,'o of the MUky Way, Al]j]iu PLi sei being in the centre of that luminosity. 
The Cassiopeia group is in the N.N.W., bi iiig always in opposition to T'raa ^fajfir, in rela- 
tion to the Pole. West of C^s'sinpcia, near the horizon, a part of Aiulri)nu>(la i-un be dis- 
tinguished. Cepbeus ia on tho mcridiuu below Polaris. On clear uight», the stars 
fonntng ITraa Minor can be easily traced, by their similarity of arrangement to those of 
Ursa Major; the two tatntnating staurs* Beta and Qanuna Um Minoris^ are, however, 
much brighter than those betw oi n them and Polaris. 

BeloTf T'rsa i^Iinor, in tlic direction of the horizon in tho north-oasf, seroml bright 
atars in Draco are distinctly visible. I^cta and Gonuna JDraconis are above Yega. It 
may be remarked here, in passing, that as Polaris is the neaieat conspieuona star to the 
pole of the equator, so Zeta Draconu^ of the third magnitude, is the ncaMSt to the pole of 
the ecliptic. Near the horiion in the N.N.E., Alpha C^gni, sometimes caOed Dmeb, is 
visil)lo. Proceeding onwards near the horizon in an easterly dirt'ction. wp pass ovor 
J>yrn, Ilcrculcs, Corona Ikn-rnh's. and Bootes, the last constolhition occupyinfr tlic eastern 
horizon. Between Boutus and tiie Jicnith we come across uncc more the most uttructivo 
constellation of the northern sky, TTrsa Major. In the early hours of the evening this 
gnnqp will he situated in the mrath-easfe. XTstngitasapointirftefiwenee, the positisna of 
all tibe otreqmpolav oonsteUations can be found vith little trouble. 
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|EI£ nuHithly variatioiM t& the {KMitions of the atan* )n Tebtion to tiie : 

nnitb, or lioiri«»» are m erideiit to tho sight of the moat indiffirent obaemr, 
thut it may be useful in this pUkoe to giye a brief explanation of these apiparait 

changes ia tlio aspect of the stars, which are produced by corrcRpond !!!»»■ changes in the 
relative positions of tho Earth and Sun in the ecliptic. Before doacribing, therefore, the 
appearuuco uf the uiiduight tsky of March, wc will, in a few familiar words^ endeavour to 
Mate tike eanse of these seasonal ehanges in the appeanmoe of the heav«as at any flzed 
hour. We shall first Buppose that our readers clearly understand that the Earth revolves 
on its axis in about twenty-four hours, and that a civil or solar day is measured by the time 
elapf»ed between two successive transits of the Sun over the Tncridian of any place. "We 
aholl also assume that the cause of the hourly changes in the positions of tho stars with 
Mspeet to the mmdian ia gmaaSfy known, to be ma^j the leselt prodnosd by t&e dinnal 
moticm of the Earth on its axis. Were the time of rotation exaedy twenty>four hours of 
solar time, there would be no seasonal changes ; for then any ono star would always oul- 
minatc ut tlic same Lour througlioiit the year. But the interval between two successive 
returns of any ilxed .star to the same meridian is smaller by several minutes than tliat givea 
by consecutive ti-au^its of the Sun. iiouco wo have two days of dill'ereut length, one the 
ndereal and the other the solar day. Now, we wish to explain briefly the cause of this 
dtlliMMDoe. In the interral between two suooeBstTotsraasits of the 8nn, the Earth has tn^ 
TOrsed through about one degree of its orbit from east to west ; this makes a corresponding 
apparent chang;e in the position of the Sun in tho heavens from west to oust. The effect of 
this is, that the Koi'th has to make rather more than one revulutiou ou itb ujus daily before 
the centre of the Sun can again coincide with the meridian ; consequently, as we always 
reckon the length of day, aooording to oar habit» by the daily passage of the Bnn over 
tho meridian, a solar twcuty-four honrs must be so much longer than a sidereal twenty- 
four hours by just the time occupied by the Earth's rotation in the interval of time equal 
to the eluinge in the position of the Sun on the ecliptic since the preceding- noon. But the 
apparent motiuu uf the Sun is not always uniform, the amount of its daily increasing right 
aaoennon depending upon the portion ai dm ecMptio in whieh it is sitmtod. For the eon- 
ireniouoe of daily use, it being impossible to eonstruct a time-paece to follow the fioune of 
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the Sun rnfiroly, the mean, or average, motion of the Suu is adopted instead of flio tnio 
motion, so tliat the interval between two cous»ecutive transits of the mean Sim ^hAi wjuul 
exactly twenty-four botirsj of clock-time all the year round. The difference of time between 
the momeat iriien the San is really on the meridian, and when the fictitious or mean Stun 
would he in that pasitbn, is oalled " the equation of time," the daily amount of whieh is 
generally inserted in ordinary almanacks us " Clock before or after Sun." A mean solar 
dfiy, or the day which is indicated by all clocks and watcher, if* lnn;:;»>r than a sidereal day 
by about 3"" OG*, or iu other words, the length of a sidereal day is 66" 4* of ordinary 
dodc'time. The interval, SS** 4*, between two snooessive tranalto ct a fixed star otw 
the mmridian of any place, marks therefore the time ooeupied hy tlw simple diurnal rotatum 
of the Eartl), without any referenee to the position or movements of the Son. So fiir thMi 
as the fixed stars are conci-rncd, the aspcrf of the hfavons in ulways the snmo at any one 
sidereal hour in whatevir ])art of its orliit the Kartli iiiay bo situated. For it iiiu«t not bo 
forgotten that the distances of the tixcd-stars arc so great, that even a chuuge in the posi- 
tion of the Earth in its orbit from one end of the ellipse to the opposite end, separated from 
eadi other as th^ are by about 184 millions of miles, makes no sensible diiferenee in the 
nlntivo positions of f ho stars in the sky, even when Ticwcd with the most delicate instru- 
mcnf.s. A sulfTcal day thus shorter than a mean solar day by nearly four minutes, it 

will be cn ident to every one that when any star passes the meridian at mitliiigUt on any day 
— say March 15th — it will on March IGth pass about four minutes before midnight, and 
oa March 17th eight minutes before that hour, and so on. From this it will be seen that in 
course of time the star will pass the meridian at a much earlier hour, till it is lost in the 
daylight. After the lapse of one 3'ear exactly, it will again culminate alxtut midnight on 
March 1 5tli. What is done in the case of one star, is done for all, as their relative post* 
tions are always tho same. 

By a ciiuipurison of our diagrams for Ifaroh with those for January and February, 
these apparent movements of all the stars from east to west can bo readily distinguished. 
Taking Regulus as an example, it will be perceived that this bright star at midnight on 
January 15th is some distance east of the Tneridim; on I'ebruary loth it is nearly in tho 
centre of the diagnini, or near tlie meridian ; wliilo on ^lareh loili it is considerably to the 
we«t. In like miauuer, all the aiavn in the south diagram iiave changed their po«iitions in 
the same direction, some having disappeared in. the west and south-west, while others have 
becmne visible in the cast and south-east. If we wish to examine the heavens at an earlier 
hour than iuidni<;ht — we will suppose eight o'clock in the evening^-the observer has no- 
thing more to do than to take the January' difif^ms, with the (locompan^-infr CTplanation, 
when iie will be able to identify the prineiiml stars iu the same manner m at luiduight in 
Januur)'. Again, if at ten o'clock in tlie evening, the February diagrams will be ixsrfectly 
available for tho purpose. For instance, Castor, Froi^on, and Pollux are due south at mid* 
night on January 15th ; on February 15th they will be in a similar position at ten o'clock, 
and on March 15th at eight o'clock. For succeeding months, the reader is referred to the 
tabular statement at the end of the introductory chapter. 
24 
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Betanmig (o ibe midiiigLt «ky of Mordi, and Temembering that Ihe centre of tbe 

upper portion of the diagrams is directly over the head of the observer, wo will direct our 
atteution, in the first placo, to the sky south of the zenith. Several stars nf thr first mnqni- 
tudc will be at once noticed in different directions. Due west, rathi r more tluin halfMuy 
towards the horizon, Castor and Pollux can be distinguished above any other objuct near 
them. It 10 happens, howcfver, that if we draw an imaginary line from east to west thnmgh 
the senith, Castor will be found to be in the northern divisiam of the heavens, and PoUus 
in the fiouthem. In onr ilhistrafi jii!', therbfore, Castor is inserted in the north diagram, 
while Polhix remains in the south. Proceeding- towards tlie horizon in the W.S.W., 
Procjon, near the western limit of the diagram, is still shining brilliantly. Near' the 
Moidi, » few stars in Una Major can be easily identified. These, with the exertion of 
Cor Caroli, are the brightest stars in a oonsideraUo region south of the senith. The great 
COnsteUation Ursa Major, if we except the well known seven stars in Charles's W:iiii, is not 
celehrnt<Kl for the posfo-JsioTi of inany star"? of larp-e mnp-nifudc. Nearly oiio-lialf of I'rsa 
Major is now south of tlio zrnith. Of tlic two pairs of stars near the 7cnilh, in the February 
diagram, looking south, uuu has passed into the northern half of the sky. That reniuiuiiig 
in dko south map oonsistB of Tjarnhda and Mu tTrsB Majoris. In Ihe south-west, nearly 
midway hetween the senith and horison» Begulus is TuiiUe as the hrightest star in that 
neighbotirl ! Qamma Leonis and the other stars in the Sickle can still be favouraUy 
seen. Between Rof^'tilti'; and the meridian the space is occupied by the constellation Leo, 
Dencbola being at the extremity of the Lion's tail, and exactly on the meridian. South-cast 
of Leo is the small consteUatioo known as Sextans, with no star greater than the fifth 
magnitude ; and lower down in the same direction is the rsmhiing, tortuous Hydra, whioh 
extends from near Procyon along the whole lower portion of the sky near the south horizon. 
Aljilia Ilydra; can bo identified SOUth-Wf st of Pu ijulus. The sniall ( nnstellatlons, Crafrr 
and Corpus, on tlie hark of Hydra, are now near the meridian, Crater beiii^ n little to the 
west, and Corvus to the east. Cor \ us will be found with little ditheulty, its lour principal 
stars forming a trapezinm at no great distance fitnn this horifon, south-west of Virgo, east 
of til* meridian. 

On. the eastern side of the meridian several important constellations and well-known 
stars are sure to attrnet otir notice. Nearly owt h< ad, at a short distance from the zenith, 
the tolerably bright star Cor Caroli shines in a neighbourhood chiefly occupied with small 
objects. Passing the eye downwards, a little to the cast of the meridian, we come to Coma 
Berenioes (Berenioe's Hair). It is not difficult to notioe this oonsteUation of small stars, 
situated exactly midway between Cor Caroli and Denebola. This group has a nebulous or 
woolly appearance to the naked eye. It contains numerous stars of small magnitude not 
inserted in the dia'*ram«^. A oon.sidertihlo ]>ortion of the south-east sky is occupied by 
Virgo, with Spicu, a star of the first mag;nitude, and several of tho thii-d. One of these 
stars is near the meridian, immediatdly south of Denebok. This is known by the name of 
Beta Yirginis. In ibe space between I)eDebok and Spioa there ars Ibur other average stars 
in Ti^ which fbnn, with Beta, very nearly two sides of a right-angled triangln. The 
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star next to Beta is Eta, then Gamma, a celebrated binary stnr, then Drita, the l:iHt b<M"Ti;» 
Epsilon Virginis. South-cast ot iho conior stnr of this triiinglo tlic position of Spica i8 
pointed out. East of Spicu, near the south-i-a^t ituii^iun, two bright citurH in Libra have 
jtui risen. Nearlj midway fhuu. the senith to the horiMU, bk the B.S.K, Aietunw 
and MTCfnl aton of the woood and tiiud niagnU]idea» in. the ooBetdlatim BootM, am 
conspicuous objecta ; while about half-way between the Eenith and horizon, looking due 
CiiHt, the interesting group in Corona Borealis can bo dietintr'ii^hpfl by its pi incipnl iHLiub^^T, 
Alphecca or Gemma. Lclow liootcs and Corona Borettli^, Serpens and portions of 
Heroulea and Ophiuohna are visible, the laat flonateUatum occupying the eastern horiaon. 

At midnight, in Uarch, the following are the prindpel conatstUntiona abore the horiaon 
in the southern half of the sky : Cancer, Leo, Virgo^ libra, Caau Minor, Hydra, Sextans, 
Tjoo Minor, Crater, Cor>us, Bootes, Serpoiis, Cuma JBeranioeBf and parts of Uxsa Major, 
Corona IJorcalis, ITcrcules, Ophiucbus, and (ifmiiii. 

If we now refer to the diagram, looking north, we shall tind that the appearance of 
the northern aky at midnight ia aenaiUy difleient from that at the oonesponding time in 
the preceding month, although, in conaeqnenee of ihe etan being Ibr the moat part eiroum-* 
polar, many of the constellations may not u])pear to have changed their positions to any 
great extfiit. Over head, a part of Ursa ^lajor is on the nu riJiun, the jioiutcrs Dubhe and 
Merak being a little west of it, whik' the reinaiuing Btars in Chailea's Wain are approach- 
ing the meridian. Bather more than uue-half of this conatcUatiou is north of the zenith, 
ittduding all the prineipal atan. Looldng due west, Oaator and Foillnx are Tiiible, Castor 
being north of the imaginary line aqparating the two halves of the sky. I'olltuc, as we 
have before mentioned, has not yet passed into the northern half, tluai^h it is on the point 
of doing so. The principal constellations between Castor and the north horizon, in this 
part of the sky, are Aurigs, Perseus, and Cassiopeia. The two bright stars rather more 
than midway hetwean the Moith and henaon, in the north*weaty near the Milky Way, are 
Oapdla and Beta Anrign. Lower down, approaching the north, is 'Fesnem, with its group 
of moderately bright stars, amongst which is the variable star Algol, in the head of Medusa; 
and near the north meridian, about twenty fleprees above tlie horizon, tbp pronp of bn'c-ht 
stars in Cassiopeia, below Polaris, can be easily recognised. Ou the eastern side of the 
meridian, below Ursa Major, the stars in Ursa Minor and Draco are clearly seen; bdow 
these is the constdlation Cepheos. In Idie north-east, the brilliant Yega ia the most 
oonspicoous object, followed at some distance by Alpha Cygni, in the Hilky Way. 
Hercules is in the K.N.E., about midway between the zenith i tu! horizon. Polaris is of 
course sensibly in the same position as in February. A refereoco to the index-map, looking 
north, will point out the positions of the individual stars. 
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[1^51^ HE aspect of the midnight sky of April is aomewhat different from that depicted 
£Bkj| in the diagrams for March, numerous stars of larpc majmitnde having since last 
month made their appearanoe in the east and south-cast, while some conspicuous 
o1^«ete in llw weit hate dut^peKnd hdom the hariaan. The etm •bove like Meuid laegiii* 
inde, iioir TisiUe aonth of the aeiiith» are Begalu in Leo^ Spica in Yirga, Aratorus in 
BootMj, uid Antarcs in Scorpio. Taken as a whole, the south sky at midnight still 
eontains a considerable number of interesting objects, although no consttllutiou liu.s thut 
striking appearance which Orion and some others present at an earlier or lutor period of 
the year. For example, we have still the bright stars in Leo and Yirgo in the western 
part of the dqr* while on the eaatera aide of the merU&n those in Bootee, Serpens, and 
Scorpio are conspicuotis objects at different altitudes. There are numerous other constella- 
tions, which we shall point out to the observer, who, with the assistance of our diagrams, 
can have no difficulty in identifying the pnnc^al stars and the oonstellatioQa of which they 
are the chief members. 

We must again suppose ib» ohaerTer standing with his hack to the Pole star, wiili hia 
eje direeted slong the plane of the meridian looking due south. At first, howerer, we 
wonld wish him to look directly over head, still with his back towards Polaris. He will 
then perceive that the hist of the seven stars in Charles's Wain, in Ursa Mnjor, is very 
nearly in the zenith ; it is really about two degrees south of that point. This is the only 
month thut this star. Eta Ursss Majoris, or, as it is sometimes named, AUudd and 
Bcnetnasoh, is in die south half of the sky at midnight; in our diagrams tair Msivh and 
also for next mcndi, it will be fbimd with its six companions in the northern half. 
I'issaing the eye downwards, a bright star, with a reddish tinge, strikes our attention 
slightly east of the inoiidian ; this is Arcturu^. Considerably lower, a few degrees west 
of the meridian, the white star 8pica shines brilliantly in a district in which it has no 
iiTsL Hie wdl-knowit nearly equilatsnl triangle fiwmed by Dwebola, 3pica, and 
Arctaras, is beet seen when Spiea is nsar the meridian. 

Let us now give a gh^ncc at the south-western diTision of the sky. Commencing at the 
zenith near T"t i T'rs;i! ^fajorie, the first star of importance in this direction is Cor CaroH, 
the chief member of the mnoU oonstellatiou of Canes Venatici (the greyhounds). It will 
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be rcniurkod that Cor Caroli is in an isolated position, no star ot' equal magnitude being 
near it for some distaaco on all sides. Then comes tho group of small stan in Cohm 
Bflxenieeai, bdow whieh, eactenduig from the merkliaiL to a oomideiaUe distance towarda 
the west and south^wea^ Leo and Yirgo ooenpy the major portifm of the nky. Tho 
princijial .stars in IjCO arc all visible nhmit -midway between the zenith and horizon, or in 
tlio ri:^ht liaud upi)er corner of the diagram, lijokiiig south; they may ho recognised iu two 
wa\ uiie by the irregular tixipezium formed by the brightest objects, and the other by the 
rough fom of a Stdkle, aUiided to in proeeding months, given by the group <d stars of 
whkh Regains is the meet southerly. The moat fiiTonraUe tine for reoognising the fom 
of this celestial reui)iii^-hook at this season of the year, is when it h situated near the 
meridian in the ciiilier hours of the evening, or nbont p.m. in April, nt whi< h time it rnn 
bo seen to great advantage and with considemble cleanu'si.<i. Tlus group, near which i-s tho 
radiant point of tho iN^ovcmbcr stream of meteors, consists of about six stars of average 
magnitude, one being between the fint and seoond, erne of the second, two of the third, and 
two of the fourth magnitode. Between Leo and the meridian, most of tlie chief stars in 
Virgo are situated, but, excepting Spica, none of them is greater than tho third magnitude. 
Ono of thesp, Gamma Virginis, is, however, a most interesting binary star, perhaps the 
most carefully observed of any iu the heavens. Some iMxx>unt of the relative movoments 
of ita oomponents will be given in the deeoriptiye notes of the oansteKaticn Yirgou The 
aonih-weet portion of the sky towards the horiaon is occnpied chilly with the small 
constellations. Sextans, Oorrns, 4nd Grater, while Hydi* ia spread over tiie horuoiL from 
west to nearly south. 

East of tlio nui idiun, aiul at uo great distance from it, tho conskllation Bootes, 
containing Arcturu«i and scverul Htars of tho second and third magnitudes, is the most 
attraetiTe g^oup in that portioD of the heavena. Below Bootes, ahont half-way between 
the zenith and horizon in the aouth-easti is Serpens, and lower still, near the horizon, 
Scorpio will be recognised by several bright stars, of which the principal is iintares, of tho 
first magnitude, and Beta Scorpii, of the second. This constellation is very prolific in stars 
of the fourth and tifth magnitudes, in addition to several of the third. Joining Bootes on 
the east, ^ small, Imt important, conetelktioik Corona Bonaliib be notieed in the form 
of a aemi-oiroular group, the central gem in the orown being ita chi^f Alpheoea. 
Below Serpens, and between Scorpio and tlio meridian. Libra covers a considerable spaee. 
Its two {ii-iiK'ipuI stnrs nrc Alphn ami litta Libnr, bolli of ihc second magnitude. Tho 
liori/ou rmm cuHt to -south divides tlic constollutioiis A<piila, Opliiuclius, Scorpio, Lupus, 
und Ceutaurua. The Iml two are rich m stars, but scarcely one ot" importance rises above 
the horiaon of London. The south-weat horizon w ahnoat exiduflively occupied by the 
oontoited figoie of Hydxa, which joins Osataurua in the SJS.W., and Oania Hinor very 
low down in the west. 

The pnncipnl constellations Ansible at midnight in the northern slty, in addition to 
those which arc wholly circurapolar, are Lyra, Cygnus, Lynx, Vulpecula, and parts of 
Qunoar, Oeniioi, Auriga, Perseus, Audromcdu, and AquUa. At thia timo^ liz of the aevea 
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principal stara iu Ursa Major are ueur the zenith, a little to the wetst of the meridian, thd 
eereiitli in the tip of the fail being about two degree* wutii of the venith* Below Una 
Major, towanla the nortli^WMt, are the conateUatioma Lynx and Cameleopaidalia, in both of 
which thcro is aoaioely any aiar greater than the fifth i>i:i;^'nitu<lc; consequently tibia 

portiuu of t]u> licarcns looks comparatively bare. A coiisidtnililf number of small stara 
are, however, coiitaiued in tliesr two con>.tcHations, thmi^di not inserted in the diagram. 
In. the "VV.N.W., between Lynx and the horizon, Castor and Pollux cuu still ho dis- 
ttngniahed, and towaida the north-west, near the MUky Way, Beta Aurigas and CapeUa 
are Tery oonapicuona. Near the north hoxuson, aereral bright aten in Peraeoa can be aeea 
slightly west of the meridian, while about the same distance cast, but nearer the pole, 
Cassiopeia is visifilr. Proeoodlnp: eastward, llie stars of tlie first magnitude, Alpha Cygni 
and Vega, bhinc above all others near them ; and almost due oa«t, and very near to the 
horizon, the chief stars in Aquila have just risen. The strictly circumpolor stars, in 
Sraoo and Oepheoa, can be genmlly reoogniaed eaat of the meridian between Polari^ 
Alpha Cygni, and Vega. The stars in Ursa Minor are now nearly all between the leniill 
and the pole, Kocab^ w Beta Uran Minoris, being near the mfiridian. 
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B^F^BF wo refer to oar diag^m rFprcsoi^ting Che elvy soutli of the zenith for nudnigtift 
BB HB in tlic mirldlc of ^lay, We sliall discover thnt it i!* t iiricht d by t^evri-al of the most 
cL'lebratwl stars of tlu' firnt muf^iiiturlp, risihU> above lbt> borizon of TjonrVm, 
iacludiDg Vega, Arcturiu, Aiiuir, Autures, aud Spica. Many uuw cuuHt^Uutiuiis have 
appeared m. tlie east and iiMiih>Gask dnoe lart month, irhile the general adnuioe of all 
tlie stan firam east to VMt ia oLearly mariakL by the altered poaitiona of the hrighteafe 
obfeota. 

Takinn", then, first, the d{af»mm looking south, the attention of the observer i^^ illreelwl 
to the zenith, which ia now occupied by the north-eu»teru comer of the couatellution 
Hercules. It is the first time this year that Hercules is principally contained in the 
aouthem half of the dcj at nidiugfat. There an ome or two etan of the aeoond ntagni- 
tade^ and aeveral of the third, in this constellution, aome of which are near the zenith, eaak 
of the meridinn line. TTercules extends over a large portion of this region of the heavens, 
Woat and »otitb-\vest of llereulps, and on the meridian, the scmicireulnr gronp of stura 
forming the ^forthem Crown is very conspicuous, its brightest jewel being Alphecca, or 
Gemma, in the centra. Diiectly beknr Ooxiinn Boieolia ia Serpens, with Bereral atara of 
the aeoond and third mag^itndea ; and, lower atiU, rerj near the horiaon, ia Soorpb, with 
its principal star Anturcs, and several others tolerably bright, indilding the double star 
13cta R(-orpii. Looking (hie east, the bn'lh'ant Vega attracts onr notice, aVKuit thirty 
drj^Tees from the zenith. This star has passtnl since April Ljtb from the nurtliorn half of 
the sky to the southuru. Near Yegu there are several stars iu Lyra uf the third magiii- 
tude. Below Lyn ia Beta Cygni, or Albtero^ « doaUe atar oelebrated for tiie sttmber of 
obaerrationa made <m tiie eolovra of ita two componenta. Between Albieiro and the 
eastern horiaott are several small constcllationa, the principal being Yulpocnla, Sagitta, 
Delphinus, and Equuleus, the horizon itself being occupied by the fiipn Aqunrius. In the 
E.S.E. the constellation Aquila con bo distinguished by its group of three stars, the central 
one being Altair, of the first magoitade. In the diagram, Altai? ia inserted near the 
eaatem limit; it U!» however, about thirty dogreea above the horiaon. The hoiiaon in 
the Bouth-cast and south is occupied, beginning from Aq[aBriua in the oust, by Capricornus, 
Sagittarius, Soorpio, and Lnpna. If we now turn to tiia weat and aouth-weat aky, we ahall 
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bave but little dilHcultj in identifying mo&t of the constellations and etars which were in 
moro prouiincnt positions in the oorrGsponding diagram in ApriL These are lioutes, Coma 
Bendoea, Yii^t libn, and a tew otben. Looldng due wMt* Cor GBroIi U titoated sewrty 
half'Waj between the senith and horizon, and easily distuigitished hy its being sunroonded 
always by stars of comparatively small magnitude. The first star of importance from the 
zenith towards the south-west is Bola BoJWis, bofwoon whic h iind Arcturus are several 
bright objects ; Arcturus itself being recognised by its ruddy appearance as well as by its 
auperior hMn. Flwdier down m tlie mue diveoticm Spoa oen be seen. At this time a 
line diawn from the lemth through Arotwras paasat through fifnoa. Near the sonfli-weafc 
horizon, west of Spica, the stars in Corvus are still visible. Between Cor (^mH and the 
horizon all the prinoijjal stars in Leo can be identified, Regulus beinjj^ very near to 
the horizon. This star is not included in the diagram, which contains only a few stars in 
the moist easterly port of this coastcUotioa. The horizon from west to south contains parts 
of SextaiM^ Crater, Oorvue, Hydra, Oentatunti, and Liqnu. 

Hie 4xni]|iilete Ust of oonsteUatiaais whioh adom the eoutliem hialf of the midnight sky 
of Uay is composed of Ilcreides, Corona Borealis, Bootes, Coma Berenices, Virgo, Libra, 
Serpens, Ophiuchus, Aquila, Siiyitta, Delphinus, Eqnuleus, Vulpeciila ; and purls of 
Sextans, Crater, Corvus, llydru, Centuurus, Lupus, Scorpio, Sagittarius^ Capricomus, 
Aquarius, Cygnus, Lyra, Leo, and Canes YenaticL 

We will now devote our attmtioik to the a^ north of the aenith, aa illuatrated by 
the view, looking north. The principal northern constdlations TiaiUe at midnight mt 
May Idth, are Ursa Major, Draco, Cygnus, Ursa Minor, Cepheus, and Cassiopeia, with 
portions of Leo, Cancer, Gemini, Auripa, Perseus, Andromeda, and Pcpnsus. First, let 
us, as usual, give a rapid glance on the meridian northwards, as ikr as the horizon. 
Fasring vwwk Kooab and Qamma ITraie Minoris, the eye bUs naturally upon PoUris. Thi« 
alandard atar ia atill apparently in tlie aame porition as in praoeding diagiama, (hough, to 
the astronomical ob^^r > < , 't has performed ainoe January a part of a revolution in a small 
circle round (he north pole, in a similar manner to the other stars. Polaris is nnilly dis- 
tant from tlic pole about one and a half depret' ; consetpiently its distance from the zenith 
or horizon diiiers about threo degrees at ita upper and lower transits over the meridian. 
For our purpoae, bowerer, PolaiiB ie enffieimtly near to the north odeatial pole to eervo aa 
a Miro«point which may be need as an ee^ refarenoe for the identiiioation of the o&er stars. 
The space between Fdaris and the zenith, east and west of the meridian, is occupied 
entirely by Ursa Minor nnd Dmco. The latter constellation completely sepnnites the two 
Bears. In an old astronomical volume, printed at Venice in 1448, some very interesting 
figures of the constellations are inserted, including one in which the two Bears are com- 
pletely en&lded in tiie embnee of I>raoo. Tirgil, aa rendered by Dryden, aaya : — 

"Around out Poles the spiry Dnigon gUdea, 
And like a wiuideruig Btnmn the Buti-s divMt'H." 

Although scTcral of the stars in the Lesser Bear are of small inagiiiturl", its contour 
«in he readily traced, Polaris being at the point of the tail, and £ocab and Uumma Ursao 
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Minons at the other extremity in the direction of the zenith, but slightly west of the 
meridian. These two stars are easily found, and by drawing a curved lino from Kocab to 
Polaris the intcrmodiuto stars, though small, arc diiitiuctly visible. Directly north of the 
senitii, and a little irert and east of the meridian, aU tLe bright etars reaehmg in the weet 
to the Great Bear, and in the eaet to the eonetellatioiu Lyra end C^gaiu, belong to I>raoo» 
the two brightest being Beta and Gbmma, almost due east about twenty degrees. The 
pnncipnl portion of llie f^kv wo<t of T>raco indiuLs Ur.-iu M;ijor, below whir h an- Lt>o 
Minor and Leo, iiegulus being near the horizon north ol west, but outside the limit of our 
diagram. The reader will peroeive that all tho seven principal stars in Ursu Major, 
(Siariee'e Wain, are now in the nortlmrn half of the bI^. He will aleo notioe that the 
apparant position of this group of stare ie very different to that in the first diagram of thia 
series ; for whereas the two pointers wero in Januarj' approaching the upper meridian, 
they arc now fnrtbp»^t from the zenith, and p;issinq: onwnrd to tho lower meridian brlnw 
the pole. Uut their relative positions remain the same, and in whatever part of the sky 
they may be eitnated, Dnbhe is always nearest to Polaris, and with Iferak pointing out its 
position. 

Below Ursa Major, in the north-wea^ is the bare constellation Lynx, and, n< ar tlie 
horizon, rn-^tor arifl Pollux may be !<fH»n on vrrv finn ntijhfs. Between I'olariK and tlio 
north horizon arc Cameleopardalis anil pai tji ol Auriga and I'erseus. The two bright stars, 
Capelk and Beta Auriga.-, being circmnpokr, may bo observed near the horizon a Uttle 
west of north. 

The north'Oastem part of the sky contatas at midnight the constellations CSnssiopeia, 

Cepheus, Andn)meda, Cygnus, and Pegasus. Several bright stars in Tephcus may be 
noticed en=!t of Polaris. Below Cepheus in the N.N E. is rnfsiopri i, Avith its well-known 
group called the Chair, and near the horizon numei-ons bright slarb in Perseus and Andro- 
meda can he distingnishcd on brilliant moonleas nights. The principal objeets in Pegasus 
can also be seen near the horison in the E.N.K, while Alpha Pygnt can be easily found in 
the same direction, about midway between tho zenith and horizon. Vega, which has 
hitherto been a conspif'uons sfur at iniflntj:^ht in this half of the sky, has p a s se d over the 
boundary, uud is now included iu the diagram of the southern half. 
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IDNIQHT at midsummer, in the latitude of London, is so influenced by twilight, 
that many of the small stars, visible to the unassisted eye in (hp dark nij^lit^ of 
winter, can only then be seen with telescopic aid, eapcciaJLly those north of the 
lemtk The sky near tiie nortk hfiriaon k now moM or lew flhuttiaated, while th» general 
aspect of the heavens bean witneas that there is no real night, hat that there i» mnetant 
day or twilight throughout the twenty-four hours. To those of our readers who are resi- 
dent in the north of Kii^'laiid, or in Scotland, the nbspncp of complete darkness at mid- 
ni;2^ht will Ik; t>liil luoro evident : but it' we proceed to liij^lier latitudes, or within the Arrtic 
circle, wa shall tind that there will bo uo darkness ut all, aud that the phenomenon of the 
midnight Son vOl at that hoar he daily observed alirting the Borihem hori«m. la 
London, however, there is always snffioient darknsss on a midaammw midnight to observe 
sten down to the fifth magnitude with the naked ey«!, and oonssqnently sli oontained in 
our diagrams. 

Referring; tlint to the diagram, looking south, or to the sky south of the zenith, it will 
be perceived that, although there is a general absence of very conspicuous consteUations, 
yet sevetal well-lcnown stars are to be esen in diffiirent direetions. Lst ns confine oar 
attention at present to the aky east of the meridian, startiug, as usual, from the zenith. 
The first star which naturally attracts our notice is Vega, about ten degrees south-east of 
that point. Very near Vega, in the same direction, are Beta and Gamma Lynr-, two stars 
of the third magnitude. Directly below these, and between Lyra and Aquila, are the 
small eonatellatioQS Yiilpeonla, the Foat* and Sagitta, the Arrow. Aquila oaa be dis- 
tinguished midway between the senith and the horizon, by its group of three stars in the 
neck of the Eagle, the central and the largest being Alpha Aquihc, or Altair. Between 
Aquila and the horizon, Capricornus is situated. A line drawn through the three chief 
Btais in Aquihi to the ^-outh-east hori>'i>n, jiasses nearly through Alpha and lieta Capri- 
corui. The position of this sign of the zotliac is not otherwise weU marked, owing to the 
paucity of large stars in that neighbourhood. North-ewt of Yega several bright stars in 
Cygnua are desrly visiUe, fimr of them being of the third magnitude. These are all 
generally known by a Greek letter, the star nearsst to the seniUi being Delta, the nnt 
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Qamna, tlicn Epailoil, uiul the hat Zeta Cygni. To the north of Omnma, Alpha Cygni, 
or Deneb, fslnnes n>» a star of the first mnpnitudc; but thia object is iticluiltd in the 
northern half of the sky, uud coiwcqueutly will bu fuuud in the diiij^rmn, looking north. 
Between Cyguus and the eaitem horiKm the qinoe is oocti|ned by the coiutdlktion 
Pegasue^ ene half of which at midnight is south, and the other half narlh. of the imaginary 
line ecpiuatin^' the tWO halves of the sky. Several Iwight stars in Pegasus can b« seen 
near the horizon in the east. Tlirtc i>f llu-**', (o^i tlirr with the priucipal star in AiidroiiiecLi, 
will form confpieiious objects in future (liugrmn», the combination being popularly know rj 
as the stjuaro of Tegasus. Between Aquilaaud IV^'hhus two small eonstcllationa, Equuleua 
and Delphinua, may he noticed, the latter more t.>pti. iuliy by a group of fourth and fifth 
magnitude etafs. The horixon £rom due eaat to due west is oeeupied hy aevaal of the 
aigna o£ the aodiac, the constellutiuns, commencing from the oust, being Aquarius, Capri- 
comus, Sagittariua^ Boorpio, Libra, and Virgo, the last-mentioned extending to a little 
north of west. 

The principal smrs en the meridian at this Ume are those in Ophiuchns, the chief 
ohjeot in which ia Bas Alagnei, or Alpha Ophiudii, about ftrty degrees from the xenith. 
Between Ophiuchua and the lenith the space is occupied solely by the eonstelhition Her- 
cules, whi( h extends to a i>oint very near the two bright stars in the zenith, Beta and 

GaiHHKi in i JniL'O. Ophiuchus spreads over a large portion of the skv nn each siflo of the 
nienaiau, and reaches nearly to the south hoiizon. Excepting two or three stars near lias 
Alague of the third magnitude, there ia very little to attract the attentioii of ohserrrat in 
this oonateUntion. West of the meridian, sevearal well-known objeets, the poutions of 
whieh we ham pointed out in the descriptions of the diagrams of preceding months, are 
still very conapicuoii'4. First, near the hori/xju in the W.S.W., but out of the limits of our 
diiigrum, Spica, and other bright stars in Virgo, arc on the {>oiut of setting. Arcturus, 
and a few other tolerably large objects in Bootes, are now a little south of west, about 
&tty degreee from the horiaon. They can be readily found by the ruddy appearance of 
Arcturus. Between Aicturtu and the meridian, Alpheeca and it« companions, frnning 
the Northern Crown, can be easily observed by the regularity and compactness of form of 
that small constellation. Directly south of Cormui Borealis, and exactly midwny between 
the »euith and horizon, Serpens, with u group of several bright objects, can be seen, the 
principal star being between the seoo^ and third magnitudes. This portion of the 
heavens, including Hercules, Serpens, and part of Ophiuchtifl^ is peculiarly rich in stars 
of the second class. Near the S.S.W. horizon, the constellation Scorpio, with its bright 
star Antares, a few of the second and third magnit\i(hf<, ;uul more than usmtl of the fourth 
and fifth, can now be ciisily recognised. Alpha and Beta Libnu are also visible, but they 
are within a short time of setting. Libra occupies the greater part of the south-western 
horiaon. 

The principal OOnsteUations in the south half of the midnight sky of London, in the 
middle of the month of June, may be Tnicfly emtTiierated as follows: — Hercules, LjTa, 
Corona Borealis, Yulpecula, Segitta, Dclpluuus, Equuleus, Aquila, Ophiucbus, Serpens, 
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and T^ibru; and purts of BuoU'.s, Cygniu, FflgMus, Coma Benmiou, Virgin Scorpio, 
Sagittarius, Caprlcorniis, and Aquarius. 

We will now transfer our atteution briefly to the diagram, looking north, which is 
OlustntiTe of the midnimmer midnight sky of Lomdon. north of the zenitlt. Fint, let ni look 
direotly overitMid, where the two «tan Beta and Gamma Draconis will be noticed as the 
hrigfateet objecta in their immediate neighbourhood, the more westi-rly star being Beta. 
Draco at this tiino occupies nrarly the whole of (lie r^ky neiirlhe inoridian between the zenith 
and Polaris, and all tlie stars as far as the Lt ssi r ]5( ar bi long to that constellation. Com- 
mencing at Polaris, the form of Ursa Minor can be traced to the two bright stars, Kocab 
and Gamma UxMeMinoiiay which are^ diort diatanoe weai of the meridian in the direction 
of the zenith. The epaoe hetween theae stan and GharWa Wain, in Ursa Majw, ia alao 
oecapiad1>7 a part of Draco, which winds itA way almost to the north side of Polaris. Con- 
fining our remarks at present to the stars west of the meridian, the principal constellations 
wliii li fall under our view are, in addition to Draco and Ursa Minor, the whole of Ursa 
^lajur, Oaoes Veiuttici, Coma Berenices, Leo Minor, and Ljmx, with portiooa of Bootes, 
Leo, and Auriga. The seven principal stars of Ursa ICajer now ooenpy the north>w«st 
sky, the pointers Dubhe and Merak being about midway betwem the zenith and horizon. 
Below Ursa ilajor, and near the horizon in the north-west, but out of the range of the 
diagnun, jxirtions of IjCo and Leo ]SIinor may be seen with comp of the brijrht niara of Leo 
near tlie horizon. Looking due west from the two stars in Draco in the zenith, and 
jmssing down to the htniaon, we traTerse more or less fhTough Hereules, Bootes^ Oanea 
Yenatiei, Coma Berenices, and Tirgo^ the List-mentumed being in the horiaofn. Below 
U^rsa Major in the N.N.W. Lynx is situated, while iii the north horizon the meridian 
divides the constellfitinn Aurio^i, nnd its two bri;^!it stars, rapelh and Beta AurigW, the 
formpr brinf* Klit^'htly east, and ilu^ latter sHirhtly west of due north. 

The sky eusl of the meridian includes the whole of Cepheus, Cassiopeia, Andromeda, 
and Laflsrta, and coanderaUe porlums of Perseus, Cygnus, Draco, Pegasus, Pisces, and 
Osmsleopaiidalk. Let na new look due east from the two senithal Draconian stars. At 
abont one-third of the distance to the horizon, the eye w^ill fall on Alpha Cygni, or Denel^ 
ond near the horizon, on the briglil stars of Pegasus. The stars of the latter ronstellnt !<m 
arc now out^iide of the limit of this month's diagrams, but they will in future ap{)ear in the 
views of the south sky. The most attractive constellation in the north-east is Cassiopeia, 
whibh ia about midway between the horison and aenith, having Cepheua above, and 
Perseus and Andromeda below. Tlie principal stan in Persens, inelnding Alpha Persei, 
and Algol, are visible near the N.N.E. horizon, east of the conspicuous stars Capella and 
Beta AunVo". Algol, although the second star in the constellation Perseus, is strictly in 
Medusa's head. 
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HE principal constellaf loiis in llie PoulLern half of tlir midnight sky ou July 
luth, are Lvru, Aqnila, iSt qx us, Opbiuclius, Caiiricornus, Aquarius, Pegasus, with 
cuusiderable portions of Herculca, Cygnus, Corona liurealia, Fiiicc«, uud Cctus. 
Serenl fiist-dsM stera an now inoluded in ib» lower diagram, aneh as Altair, Vega, 
Deneb, Boa Alapte* and Markab. The immediate zenith is within the eonstellation 
Cygnua, whoie chief star, Alpha Cjrgni, or Deneb, is now distant from that point by a few 
dcf^rws only. Below Deneb are severnl Ijriplit t-far*! of tho {liird magnitiuk', nio^l of wLich 
belong to Cygnus. The star nearest to lieneb, more southerly and slightly closer to the 
meridian, is Gamma Cygni, the next in order downwiirds, towards the 80uth-east, is 
Epailon Cygni, and the tiiixd, or loweat of the fliree, ia Zeta Cygni. Pegasus i» balow 
Cygnna in the same direction* and lower atiU, reaching to the horixon, Aquariua u 
Bituatcd. If wc draw an imaginary line from Deneb across Zeta Cygni, it will pass, at 
nmrlv the snmc distance, throiijrh Epsilon Pepnsi, or Eiiif, a bright star between the 
second and third magnitudes. It' this line be curried on a little further, it poiuta out 
Alpha Aqnarii, or Sadalmelifc, the principal atar in the sign Aquariua. Between 
Pq^ua and the moidiani the two amall eonstellationa, Equuleua and Delphinua, may he 
noticed, tiie latter being easily reeogniaed by a group of moderately- sized stars. Looking 
dtie ensf, or rather sotilli of cast, at some distance below Deneb, or towards the left-hand 
of the upptT part of the Jiagruni, the eye M-ill fall on several large stars in Pep^sns, the 
nearest to the iienith being Beta Pegasi, or iScheat, and that nearest to the horizon Gamma 
Pegasi, or Algenib. Alpha Pegad, or Markab, is the moat aoutherly of these bright atara. 
These ibrce objeeta» added to Alpha Andronedi^ or Alpherat, which, in tbu month, ia 
included in the nppcr dian^ram, form the well-known group called tho aquare of Pegasus. 
The actnnl horizoTi in flie east is orrnpied by a part of Celus. Crtpricomus is south-east of 
Aquila, approaching the meridian, but it contttins no very prominent stars. On, or very 
near, the meridian, the chief atan worthy of notioe are thoae composing the diatinotiTe 
group in the breast or neck of the Eagle, Alpha, Beta, and Oamiua Aquibe. The oentral 
star of the three is Alpha, or Altair, the uppermost star is Gamma, and the lowest Beta, 
which is also the Minallest. Other stars in A(]uila can be noticed sliijrlitly west of the 
meridian. Beta Cygni, or Albiero, may be noticed between the Aquila group and the 
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bright etars in Lyra- Tlie iuterm«dMite space between Aquila and Bctu Cygn! is 
oocupIt J liy Vulpocula and Sa'jitta, two very small constellatioiu. The «ky near the south 
horizon contains portions of Piscis Australia and Sagittarius. 

The western diTirion of the south sky, a conBidorable portion of which will be below 
the horimn next meotb, oontauis the oonstdUittona Lyra, Ophittcfaus, and Serpens, with 
partd of Hercules, Corona Borealis, Cygnus, Aquila, Sagittarius, Scorpio, and a few others. 
With the face directed to the south-west, flie first object from the zenith V( tr-a, sutitli of 
•which are the two Btars, Beta and Gamma Lyr«\ About midway towards tlio liniizdii, we 
recognise Has Alague, and the other principal stars in the constellation Opbiucbus, which 
extends nearly to the extreme limit of view. The horison, sonth-west of Ophiudms, 
contains seretal stars in Scorpio on the point of setting. Antares is invisible. Due west, 
below Tega, a considerable apM v is eoTeicd by Hercules ; but a part of this oonstellatiou 
has passed into the northern half of tbc sk\ . Corona Borealis is olso duo we^it of the 
zenith : its principal star Alphecca, witii three others of the semi-circular group, can be 
found on the right-bund side oi the upper part of the diagram, on the poiut ui passing 
into the northern half of the sky. The remaining members of the group, with serwal 
oChsr Stan in ibis cowteDation, have already passed into the northera half, and will 
oonaeq^nently be found in the diagram, looking noilh. Below TTen iiles in the W.S.W., 
approaching the western horizon, uU the stars in St rpcns arc Htill visible, also a few in 
Virgo, although they are within a half an hour of sc-tting. On (lie whole, the south 
midnight sky in the middle of July is &iiiy attractive, excepting in the constellations 
south of the equator, where there is scarcely a star at this time abore the third magni' 
tude. This scarcity of brilliant objects in the lower part of the south dky is anqily 
compensated by the brilliant appearance of the principal stars in Lyra, Cygnus^ Aquila, 
and Pegasus, most of wbich are now in conspicuous positions. 

lu the middle of July at midnight, if the observer places himself so as to command 
a view of the heavens ni^ of the xenitb, he cannot fail to perceive the amoimt of change 
wbich has taken place in the positions of the principal stars, with reject to Ibe meridian 
or horizon, since the date of the June diagrams. The zenith is now included within the 
cnnsfellfitiim Cy^iis ; but no coTifipicuous star in the north sky is nearer fban Beta and 
Oainiua Draconis, which were the two zenithal etors in June. These are, however, still 
nearly overhead a short distance due west. Gamma being the nearer star to the zouith. 
By looking directly towards the Pole star, and tboefiire along the plane of the north 
meridian, we paaa near the confines of Draco and Cepbeus ; but the stars in this direction 
are not attractive, or likely to receive attention, till we reach Polaris, which is as usual 
in its nrarlv eon^tant position. Below Pnlaris a<? far as the north horizon, tlure is 
absolutely no star worthy of special notice, that part of the sky near the meridian being 
now occupied hy Caraeleopardalia and Lynx, both of wbich contain no star above the 
fourth magnitude, and v«ry few above the fifth. But if, in July, the sky in the plane of 
the north niei idian oontains such a paucity of bright stars, the brilliant objects in other por- 
tions of the heavens^ both east and wes^ will make up for the deficiency in that direction. 
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Taking the western side first we have in view neoiiy the whole of Draco^ Bootes, Gums 
Venatici, Coma Berenices, Ursa Minor, and T'l-sn ^fnjor, md portions of Corona Boreali^ 
IIitoiIp?, Lpo Minor, and IjViix. Helow Ouiuiuu and Bi t:i Draconic, towards the W.N.W,, 
a tew of tbo cliii f 8tar8 in Jlercules can bo noticed, then those in Corona liorealis, beneath 
which is tlu gituter part of Bootes, oontainiiig nearly all its principsl skan, same 
of which, howeTer, induding Areturas, are too near the weatem horisoB to he indnded 
in the diagram. Nearly the whole of Ursa Minor is now west of Polaris. The spaoe hetwcen 
the two TJears and almost to the seven chief stars (»f Ursa Maji)i belongs to Draco. Tho 
position of the Ursa Major pronp {<? now on exactly the opposite side of tho heavcti^s to 
that exhibited iu the January diugrum, looking north. In that month Dubho and Mcruk, 
tiie two leading stare ia the waggon, are tiie nsareet to the upper meridian, pointing in 
the direetkn of Polaris^ with the shafts of the waggon, diteoted to the north-^ast horison. 
Tlie heavens in July are viewed from tho opposite part of tlu Ivn th's orbit to that in 
winch the Earth was situated in January, and as we refer, by habit, our local time to the 
apparent miction of the Sun, the stars have all moved with respect to the Sun, in a direc- 
tion from east to west, through a space equal to twelve hours of time. A brief explanation 
of the ^bet of the apparent motion of the Son on theediptio from west to east was given 
in the desoriptian of the March diagrams. Dublu- and Merak, followed by the remaining 
stars, are now approaching fbe lower nirridian. Their relative positions to Polaris always 
romain the same. The sfuru in the Ur»a Major group have thus made a seasonal chan;?e 
of half a revolution round the Pole, independently of their diurnal rotation in the same 
diredam. If we make a general oompariam of Hhn January and July diagrams of the 
north sky, this seasonal dumge m the poeitiona of the stars can also be eaailj seen in all 
the other circum|>oIar oonstellations. This comparison of the views for successive months 
will familiarise the appearances of the different g^roups of stars, and cnablo (lie ubs<'r\ i>r to 
become acquainted with the general form of the principal groups iu each constellation. 
Ursa Major occupies about one-third of the north-west sky at midnight in July. Canes 
Yenatioi, with its star Cor CSaioli, is nsihie to the left of Alkaid, tiie last star in the tail 
of the Qreat Bear. Coma Bereniees is alwTe tho horiaon ImIow Ow Ciuroli^ 
too &int to he visible. 

Tn the north-cnst sky, where nil tho ^ittars are hourly riMnfj towards the upper meridian, 
we find the constelktiuud Cepheus, Cassiopeia, Perseus, Triangulum, and Canicleopurdalis, 
and portionB of Cygnus, Andromeda, Pisces^ Aries, Taurus, Auriga, and Lynx. Ccpheus 
is dightly east of the meridian above Oassiopeia'a group, bdow which all the stars in 
Perseas are visible. In the N.N.E., near tho honaon, Oapella and Beta Auriga can alwaj'S 
be seen in Jidy at midnight. On looking due 08Bt, the eye falls on Al]>]ia Andromeda;, 
or Alpberat, rather more than half-way towards the horizon, forming one of tho " corner 
stones" of the square of Pegasus. In the E.N.E., Alpha and Beta Arietis, the two chief 
stars in Aries, are about twenty degrees above the honaon. 
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jglpgl'r midnight in tho middle of August, the principol constellations on the meridian, 
■AO south of the zenith, arc Lncertn and Cygnus near thut point, I'egasus, Aquarius, 
Capricomus, and i'iscis Australis, the last-named being ue^u- the horizon. Their 
principBl atan axv, lunravier» not mi prate&t on ihs naridim, excepting thoM m Aquttini. 
ThenuMtatfrnttT* dbj«eteu the aoniheni lialf of ib« dgr afo the fint-oUm stan, 
Alpha Cygui, Altair, and Alpha Ophinehif wut of the msridian, and Ftmialliaiit, Harlcidi^ 
and Alpherat, east of the meridian. 

We will commonce our STm-cy of the heavens tor this mnntlt, by coiiHniii<; our aflfu- 
tion at present U> tho sky south of the zeuith. Let ua then diroct our utt4;ution as usual 

to the aeaithj which is noir (Kx;upiod by the ii«rlh*eaet corner oi 1^ consteUatioii Cygnus. 
Iiaeerta and Oepheos join Cygnus new the wnith. Looking about due wat, Alpha Cygnt, 

or Deneb, strikes the eye about twelve degiees fnm that point, and farther on, in a due 
westerly direction, tho brilliant Yoga sliines very connpicuously. South of Vrpi, btit very 
near to it. Beta and <iamma hyvm may be distinguished, and a little further south, Albioro. 
In the diagrams for next numth, most of these stars will havo passed our imaginary line 
from due east to west, and will consequently appear in die liwr looking north. Selow 
Yega, towards the west, there are still a few stars belonging to Heroulea^ indading BsBSlgStt, 
or Alj)ha ncrculis, which, with Has Alague, is visible about twenty degrees above the 
weatern horizon. Most of the preceding stars can be identified in the upper part of the 
right-hand side of the diagram, looking south. From the zenith to the western horizon 
we pass through three oonstellatioBS aaly, Cygnus, Lyra, and Hercules, excepting a very 
email poirtnn of Serpens in the horison. In a sonth-westeify direelion» hdor Cygnus, the 
stars in Aquila are the only objects of finr magnitude^ although the constellations 
Vulpecula, Sagitta, Kqinilens, DelphinuH, and Sngittnrius are passed over. Yiilpccula and 
Sag^tta are between Aquihi anil Cygniis, in the ililky "Way. Delphinus and Eqinilen^ are 
between Aquila and the meridian. The group of stars forming Uulphiuus in very plainly 
distinguished to the east of Altair. A line drawn firom Yega, through the three chief stare 
in Aquila, and themoe to the horieoai, will pass over Alpha and Beta Caprieorai. Capri- 
oomus extends from these stars as far as the meridian, 

liTov let us exaaiine the division of iho Aj r cp r escn t B d on the left-hand side of the 
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diagram, looking,' sotifh. AVe see here mnnv now slurs and constellations which hme 
scarcely coiue under our notice before. Those due east, or iu tlie upper part of the left- 
hand side of the diagram, are Andromeda, Triangidum, Aries, and Cetua. South-east of 
tbe senith, tlw four stan eompoaing the square of Pegonu, Alpha, Beta, and Gamma 
Pegasi, and Alpha Andromedte, can now be disHnctly seen. Alpha Pegaai, or Markab, and 
Beta Pegiisi, or Scheat, form the south-western and north-western corners of the square 
nearest to thi* intridinn. Skirtiii";^ th(> horizon from east to soutli -(i veral stars in fetus and 
Piitcis Australia are vihible, including Mcnkar, or Alpha Ceti, in the east, Diphda, or Beta 
Ceti» in the eoath-east, and the bright star Fomalhaut a little eaat of eoaUi. The eignB of 
the aodiae above tlie boriaon at midnight in the middle ot AogiMt are Si|gittariiu» 
Capriri>ruii.>^, Aquarius, Pisces, Ariefl, and parte ol TauroB and Gemini, the laat being 
near the hnrizon iu the nnrtli-cast. 

That jMirt ol the sky immediately below i\Jgenib, or Giinnnji Prr^nsi, Is sinpdarly 
devoid of largo atora. It is principally occupied by the coustellation i'isees, which, though 
of no great breadth, extends ftom the eoutli near the meridian to alnunt due eaat Piecea 
eeparatea Pegaaua and Andromeda from Cetua and Ariee. There 10 no star below Gamma 
Pegasi, for some distance, greater than the fourth magnitude. Pisces can be identified in 
the diagram by sevend small f^fars < asf of Alpherut, or Alpha Andromrflaj, and below 
(jamma Pegasi. The small asterism, X'LiuiB Australia, is near the south horizon, below 
Aquarioa and Caprioonme. Ita position ia pointed out by its principal atar Fonudhaut, 
which ia a Tery oonspicuoua objeet in the eonth on dear autumn nights. 

The Milky Way, which is generally brilliant at midnight in Augut, divides the 
hfavrns at this hour into two nonrly equal portions. It ( an bo easily traced from the 
zenith to the nnrlh-pa.sf and smitli-wr.st liorizon^, passini; through the ron«!tel!ations 
Cepheus, Casaiopttiu, I'ei-Beus, Auriga, and Taurus, in the northern half of the sky, and 
through Cygnus, Vulx)e(nilB, Sagitta, and Aquila, in the southern half. When the Milliy 
Way attains so derated a position, the variable intensity of this luminoua stratum is very 
dearly exhibited. 

A fifFf rrlance at the northern '^Vy on August l '»tb at midnight, shows tlint the noj th- 
eastem portion is very barren, especially near the horizon. Below Cassiopeia and I'tJfHeus 
in the HiUcy Way, CapeUa and Beta Aurigse are the only two stars likely to attract atten- 
tion. Polaris ia now the most easterly of all the stars in Una Minor, aa Xooab and Qamma 
Unse Minoris are the most westerly. Looking along the |dane of the meridian in the 
direction of Polaris, we can identify the constellations above and below the Pole. Tlie 
space between the zenith and Polaris is very nearly occupied by Cepheus, whose two 
principal stars, Alpha and Beta Cephci, are west of, but not far distant from, the meridian. 
They can be eeaily distbgnished from odier stan near by ^heir auperibr magnitude. Alpha 
being the nearest to the aenith. Gamma, the third star in Cepheiu, ia slightly eaat of the 
meridian, nearer Pularia. Passing over an unproUfic part of Draco below I'olaris, the sky 
as far as the horizon is oc ctipiedby a portion of Ursa Major, the pair of sfars being Lambda 
and Mu Ursie Majoris. The seven large stars in Charles's Wain are approadiing the 
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Itfvrar nmmlutD, tlia two leading eten, IhiUw and ICnrak^ being a Utile to IIm west of 
nortii. Below Eta Ursac Majoria, at the end of the tail of the Great Bear, Cor Caroli can 

be perceivwl on xotx clear nights. Eta Trsfo Majoris is ocpasioniilly desigiuitod .UkuIJ, or 
Bcnetnnsch, the Anibic tlpnomiuation for the governor of the niournors, in allusion to (he 
fanciful form of a bier unil utteudauta, produced by the seven stars. All the stars in Ursa 
limor are now waet of the meridian, Bumnmded priniapaUy I17 tlie nnuona Dragon, whose 
cOiief etan eaa be zeeogniaed between Una Minor and Tegs, tiie two bright stare Beta and 
Giiiumu Draconis being at the south-western extremity of Draco. About midway between 
Beta Draconis and Kocnb, in UrKi !^^iTln^, is Zrta Draconis, of the third magnitude, the 
nearest largo star to the Pole of the ecliptic. Low down in the western sky, most of the 
■tare in Hereoles can be noticed, and alao the aemicixonlar group of the Korthem Crown. 
Theee are, however, outside the limitB of the diagram. In the north-weat, below Draoo, a 
few stars in Bootes are atill above die horison, and also the greater part of Canes Yenatioi. 
The quarter of the heavens east of the meridian contains the wliole of Cassiopeia, Perseus, 
Auriga, Ctmieleopardalis, and large j)ortions of ( Lpheus, Ursa Major, Lynx, and Taurus. 
Cassiopeia is now very high in the Loaveuti, approaching the meridian. Peraeus is below 
Oaanopeia, and is easily distinguished by ita prinorpal stars Alpha Farad and Algol. 
Camfileopaidalia ia between Polaria and Auriga. Oapella and Beta Amigsa oan be 
distingviBhed in the north«eaat. Thej am the moat prominent ohjeota in this portion of the 
north-eastem aky. 
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PITE midnight sky of the middle of September is nearly of the same character as 
j that which may ob!«ervrd a month previously, excepting only that the stnrs 
have pmgrcs-sed about thirty degrees from east to west, and that a few of the 
■teUsr gruupu which give the winter hi attiactiye in appeanmoe aM ritting in tlie east. 
The daief eonstdlotioDB Tiaible at this timo in the aouthem half of the aky, from the aenith 
to the horiMO, in the west, aouth, luul cast, are A<iuilu, Vulp<\-uk, Dolphinus, Eqonlemi, 
Capricnnuis, Aqtiari«f, Piscof, Arits, l^-pl^u^?, Androiinda, Cetue, Trianguluin, and 
jxirtiions of Cygiius, LuotTta, Taurus, ( )riun, EridLimis, 8c\ilptnr, and Piscis Austrulis. The 
chief stai-s arc Altuir, Aldebarun, Fumuihuut, and the four btars composing tho squaro 
of Peganu. 

Camopeia occupies the zenith, hut south of that point there are no large stars for 
serersl degrees. Looking due south, we shall find that the stars in the square of Pegasus 
are now at their highest point, Beta Pegasi and JIarkab being slightly west, and Alpherat 
and Algenib east of the meridian. We«t of the zenith, the stars in Lacerta, Cygnus, 
Yulpecula, and Aquila, can he notieed, the fhree chief itan in Aqnila being in thft 'WJ&.W,, 
and on the right*hand dde of tho diagram. In a aoath-weaterly diieetion, h^fimiing at the 
aenith, we pass over n jmrt of Andromeda, Pegams, Aquarius, and Capricomus, and very 
near the horizon in the S S.W., tlie position of Piscis Axistralis, indicattxl by Its principal 
star, Fonialliaut, can be found. The sky on this side of the meridiun is ivt y-rv brilliant 
ut this time, althoiigh there are a large number of stars of tho third and fuurlii magnitudes. 
If we now eoniider the eastern sky, which will soon he so ridi in conspicuoiiB objeetsy we 
shall find that the major part of Andromeda is east of the meridian, induding all its 
principal stars. Alpha Andromeda;, or Alpherat, bein g tho north-castem star of the square of 
I'egasuis, cnn readily bo distinguished, Beta is a little to the north-east, and Onmma a short 
distance farther in the same direction. By prolonging a line drawn from Markab to 
Alpherat, it wiU paaa thraugh Beta and Oamma» and ftrther on it will meet Alpha Persei. 
If tiiese tiiTse stars be joined on to the square of Pegasus it will be peroeiTed that their 
combined form bears some resemblance to CSharlss's Wain in Ursa Major. Gamma Pegasi, 
or Algenib, is the south-eastern star of the square. South-cast of Andromeda, and alxjut 
half-way between the zenith and horizon, Aries, the first of the zodiacal signs, can be 
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identified by a group of tolerably brigbt stars, of wbioh Alpha and Betet near togetber, 

the principal. Beta is the nraror of the two to the meridian. Pii*ccs cannot boast of any 
star greater thnn the third and a half magnitude ; hut it exfcnda, nevertheles!', over a 
considerable portion of the heavens, from near Beta Andruuie4lui> to below Markub, the 
■outh-iroateTly star in the sqaare of Pegaeos. In tbe diagram the general form of the 
ooortellation oanbe seen by a kind of curve of email etan in the direction just indicated. 
CSetns also spreads over a large j>art of the aonth-eestem sky, and its position is pointed out by 
several stars of the sccnml and third mngnttudes. Menkar, or Alpha Ceti, is in the I'. S.K., 
at some distance below Aries, while Beta Ceti is in the S.S.E. Sculptor is below Oetus 
near the meridian, and Eridanoa oeenp^ ik$ a(ra(3M«rt homon. East of Ariea and CetiM* 
TanniBj the aeemd sodiacal sign, oan be leoogniaed by ite bright star Aldebaraii, between 
vhkh and the zenith, the well-known group of the Pleiades can be seen. Aldebaran Is uuf 
of the ranpr^^ uf the diafrtain, but the Pleiades are inserted alixiost due cast of the zenith at 
the left hand. The eastern hori^son is occupied by Orion, but the principal »tiu-8 by which 
this constellation is generally distiugtiiahed are still below the horizon on September 15th. 
The email ooneteOation Triangulum ie eituated between Andromeda and Ariee, its principal 
atar being nearly midway between Alpha Arictis and Beta Andromedtc. Near Triangulvm, 
a small portion of Perseus is now included in the south inuj), but all ita chief stars are still 
eoiitain«.>d in the dia^^ram, looking uortL The Milky Way now passee through the zenith, 
from almost due east to west. 

Hie Aj north of the xenith now oontaiua the two bright atan Yega and CapeUa (m 
ofipoeite aidm oi the neridiaa. Ye^ oan be reoogniaed on the left aide of the diagram, 
looking north, and Capella in a corresponding position on the right side. Cassiopeia is 
nppronchin«» the upper meridian near the zenith, followod by Perseus, whose principal stars 
are still strictly in the northern half of the sky. Auriga is in the under Perseus, 

its poettian being indicated by Oupella and Beta Anrigm. In the same direetion, Castor 
and Pollux are ahining near the horison. Oaator just appears in the diagram, but Pollux 
is not yet within its limits. Between Capella and Polaris nearly the whole space is 
CKfupied by Cumeleopardalis. This part of the heavens is devoid of large stars. Turning our 
attention to the constellations west of the meridian, bright objL'cts down to the third 
magnitude are profusely scattered about in all dii-ections, moat of them belonging to 
important asterisma. Let us commence our mtrvey with Cygnos, most of whose stars have 
passed since last month from the BOttthem to the northern map. Deneb, or Alpha Cy irni, 
is near the upper part of the map, or almost due west in the heavens. In the W.N.W., 
Vega points out the position of Lyra, below wliich, towards the hot izou, thi> staiM generally 
belong to lierculea. Again, starting from the zenith, but this time towards the north- 
west, the constellation Cephens fills up the apace for more than thirty degrees. All its 
principal stars, and even its general shape, can be recognised with very little trouble. 
The reader is referred to the descrij)tion of this constellution for the relative 
positions of the different menibera. fepVipus separates Cassiopeia from Ursa Minor and 
Draco. Below Ccpheus, all the stars in the central north-west sky are constituents of 
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Draco, which cxtcndB from L)Ta to the custom side of Uriwi 'Minor. Kocab and Oamma 
Ur«o Minoris, in the breast of the Lesser Bear, are li.N.W. ot Polaris. Theae stttr» are 
sometimes tenned the gmndB or vafdens of the pole. A few elan in BooCsb he eeen 
very near the N.N.W. horuon wider Draco. 

Ursa Major is in a very attraotiTe positicm^ althoim^ ita altitude is low. It is now 
cxlilliitc<l in the •naturol form of n wnf^fi^Ti or plotiph, r»nd all itR stnra can bo viewed in 
grout pcrft'ctiim when th;it jiinl of i\w hf:iv( ns is I'roc from hazr. Our imnginativo 
conceptions of the form auil un*uugc-meut of thiB celebrated ooUectiou of ntura have been 
gathered ohi^j when ITrBa Major is at a oomporatiTely low altitude in the north-west^ 
north, or mttth-east. Wlien thia group of stars is <m tiie upper meridian, it passes so 
tirarlf oiverhead that, in ordinary cases, it is not included in the iicM of vision without 
looking upwards to the zenith, an act which is seldom performed witliotit a special effort. 
Dubho and Merak, the Pointers, have passed the lower meridian from wctit to cast at 
midnight on Septemher lAth, Gamma Ume Uajoris is on the meridian, and Alkaid, 
or Benetnaach, which marha the end of the Bear's tail, is still oonsideniUj west of that 
pclnt. 
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T midiiiglit in Oetobov ^ eastern and eoatihoaaatoni dcy ia beooming anridiad bj 
some of the most oonspicuouB oonstellatioDs, including Orion, Tannu, and 

Gemini, but, excepting Taurus, they are outside the limit of the diagrams. 
Antlrompflri, T'rr^ens, and Caaisiopoia now meet in the zenith, near which several important 
stars ai-e visible. Let our attention be first directed to the diagram, looking south. The 
atttn aituated a few degreea eaat of the xenith helong to PeneoB ; Algol, or Beta Perwi, 
in HedoM'e bead, baiag near the aontb edge a£ the HUky Way. Proeeeding downwaxda 
towaids the eastern horizon, or the upper part of the left-hand side of the diagram, we 
puss over the eastern comer of Tannis, and the second strir in that eonst^llation, Nath, or 
Beta Tauri. East of this star, but too near the horiziou to be included in the diagram, 
■ereral stara in Qemini and Oania Hinoir are viaiUe, I'rocyon baring just risen due east. 
Confining oaxselTea to this portion of the heavens for the present, or rather in an E<S>E. 
direction, the splendid group of first and second magnitude stars in Orion, which add so 
much histrc to the winter sky of the northern licmisiyjhcro, can Ik- e^jcii without any speeial 
instruction. Kigel and Bcllatrix, the two westerly stars of tlic (luodrilateral, are insert<xi 
in the diagram. Between Algol and Orion, but nearer the latter, Aidebarun and ita 
eompanion stars, the Hjades, are easily recognised. A Hne drawn from the aenith through 
Algol to the three stars in the belt of Orion, passes through the Hyades. The nnivenally- 
known Pleiades group cnn be seen to the right of Aldcbaran. In the south-east, most of 
the sky is ocoupied by Eridanus, an extensive constellation ; but as it contains no star 
greater than the third magnitude visible at Ijondon, this portion of the heavens appears 
bare in eomparison with that to wbidi we have just drawn the reader's attention. 
• Eridonos extends limn near Bigd, the south-west star in the quadrilataal of Qrum, to 
within a few degrees of the south meridiaa near the hoiison. 

The following ron?*frllation8 are now on or near the south meridian, beginning at the 
zenith : Andromeda, Triangulum, Pisces, Aries, Cetus, and Sculptor, the last mentioned 
bsing in the horiaon, Although there are but few Large stars now on the meridittDb those 
belonging to the aepsrate eonstellations ean be pointed out easfly in the diagram, if we 
recollect that a line drawn from the aenith through the exact centre as far as the south 
bmrtson will rqnesent the oorresponding position of the celestial meridian, looking south. 
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Not vprv far from flic Tiiniitb, a star rathrr bn'p^hfor than those near, and slightly left of 
the meridian line, is Gumma Andromcdic, a beuutiiul triple star. One to the right of the 
neriduB m Mirachy or Beta Andromedoo^ A little lower, aWe two coii^oiioti* atars, 
Alpha Trianguli can be noticed, the two large etan being raepeetively Alpha and Beta 
Aiietis. To the right of theu a line of sniall atare in Pisces may be seen, marking the 
position of tin- two ti>]i< ami their connorting ribbon. Below Piflces a few fltars of the 
third and i'ourth magnitudf s bi-long Ut (.'etiia. 

West of the meridian, the principal oimaieUations above the horizon at midnight ore 
Pegasus, Equuleus, Piaoes, Aquarius, and portions of Andromeda, Cetus, and Seulptor. 
The chief stars on this side of the meridian arc those in Andromeda and P^asus. That 
near the zenith, n little to tlif rifjrhl of (he meridian, we have already pointed out as Beta 
Androine(1;t\ Retwen it ami Aljiiitrat is Delta Andromedap, of the third magnitude. 
The stars composing the celebrated siimu o of Pegasua have been explained in preceding 
months i it is enough, therefore, to suy ut presBnt that Alpherat, or Alpha AndromedsD, is 
the neaiest of the four to the senith, Beta Pegasi ts in the north-western comer ef the 
square. Alpha Pegasi, or Markab, in the south-western, and Gamma Pegasi in the south- 
eastern. A (olcralily bri^^'lit star to tlio risht of the wjuure, and nearly nt the limit of the 
diagram, is Kpsilon I'tgusi. That south-west of I^larkab is Zota Peira^i, and in thf haino 
direction two others, near the right-hand limit of the diagram, are Gumma and Alpha 
Aquarii. The only object of large magnitude sou1]i of these stars is Beta Ceti, which 
may he noticed towards the lower part of the diagram on the right-hand side of the 
meridian. 

Cassiopeia is now fsituated near the zcuifh, 1(3 principal stars having- jufit passod the 
meridian. la the diagram of the north sky they arc near the upper boundary line, 
finming aonte resembhmce to an antique chair, of whteh the lower portion is composed 
of Alpha, Beta, Gamma, and a smaller star, Sappa. Beta is the most westerly of all, and 

Alpha the most southerly. To sec Cassiopeia in tlio licavens at midnight in October, the 
ob>rrvi'r's fueu Vn'iiig directed towards ihc nortli, it is best to find first tlic jm^tion of the 
polar star, and then gradually to look upwards, almost to a point ovtrluad. Between 
Polaris and Cassiopeia, there are no objects of sufficient magnitude to attract attention, 
excepting perhaps Gamma Cq»hei, which would be almost toadied by a line drawn from 
Beta Oassiia|ieiflB to Polaris. In the north-western quadrant of the shy, several atani of 
large magnitude are visible in different directions^ inohidii Vr<va, Eocab^ and Deneb. 
From the jrrnith to the north-western hori/on, we pncs throii<;]i CnR'siopein, ropbcus, 
Cygnus, Uruco, Lyra, and Hercules. Looking duo west, or along the upper boundary 
line of the diagram, there is no star sufficiently bright to notice e^ieoially, but towards the 
W.N.W., following the course of the Kilky Way, serersl stars in Cygnus may be pointed 
out. The first is T).>ni>b, or Alpha Cygni. That west, or to the left of Deneb, is Gamma 
Cygni, in the Milky Way. In the other arm of the Milky Way Kjisilun Cygni may bo 
seen. Zeta and Delta arc apparently above and bolow the Milky Way n spLc lively. Ntirth 
of Cygnus, the position of Lyra con bo recognised by Vega, and the two neigh buuring 
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•tare, Beta and Guraiua Lyrro. To the right of Vega, and near the north meridian, 
Chanma and Beta Druconis are conspicuous, and lielow ttwae aeveral cUos in Hereolee 
are near the Iiorinm. Below Oaaeiopeia, and between Oygnue and tlie meridian, CSepbeut 

ie ntuatod. The two princiiml stars in Cephciu can be fousd by diuwing a line from 
Alpha rjrrni to Polaria, Alphii Ciphei Wiiip the nearer one to rvjrnuR- AH the chief 
stars in I rsa Minor arc now to bo foiuul Ix tween Polaris and the north horizon. Kocab 
and Gamtnu Urua ^iinoris at one end, and Pohiris at the other, define the extent of thia 
■mall bat important conateiUation. Between Kocab and the boriaon, the aky ia occupied 
by portiona of Braeo and Bootee. Alhaid, the laat atar in Ursa Major, ia eocaetly on the 
meridian. 

Ea«t of the meridian the pnnripul «i(ars above the horizon rue (^ipclla, Castor, I'ullux, 
and those in Ursa Major. With tiie exception of Ursa Mujor, uU the chief stars in this 
qnarter of the aky are in the and mostly in Peiaeus, Auriga, and Gemini. These 

three ooosteUationB are now partly in tiie northern, and partly in the southern half of the 
sky. Due east from the zenith, the nearest largo star is Alpha Persei. The next 
(onspicnons oljject is TapellB, followed by Jit in Aurigoe, and below these Castor and Pollux 
may be easily recognised in the heavens, Castor being the upper star of the two. Castor is 
inaevted at the right hand linut of the diagram. The extensit* district between Oaator 
and Polaris, from east to west, and from CapeDa to Oharlea'a Wain, in TTrsa Major, 
from south to north, is occupied principally by the constcUattona Lynx and Camelcopar- 
dalis. In the north-east, below T^ynx, I.oo !Miiiur and the northern j>nrtinn of 
have just risen. The chief part of Cancer is also above the horizon, between Leo and 
OeminL 
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YIT. inidniir^t sky in tiu middle! of Xovmibor rnnfains n !ar<>n instalment of bright 
1 winter stars, with which wc ore so farailiar in the evenings of the Crat months of 
eadiyear. ItLt]iediagmmlodDog8oath,iiumy of tlkeseo«n|iirobBUy1ieid^ 
bytlw tetd&e «t ft gknce, or by arefennca to tibe conpe«|N)iiduig index-mapw The senitli U 
now occupied by the ccmstellation Peneiii» the chief star of which, Alpha Persei, is very 
near that point slifrhfly west of the meridian. Algol is a liltlr Ifnvfr towards the S.S.W. 
Looking due west, below Pereeus, the eye passes over Andronuxla uutl JV rrnsii-^. in \\ liit li 
ib« four stars in the iqiiai«<tf Pegasus may bo recognised. Of these, Alphcrut, or Alpha 
AndraniediD^ ■od Onmu Pegasi, may be notioed ia the right-hand upper comer of the 
diagram. If we look in a south-westerly direction, below the two bri^^t stars in Perse<M» 
the next conspiouous objrct'' arc Alpha and Brt.i Arietis; and lower down, neorly to the 
horizon, most ol' the visible stars are inclinlcd in xhf constrllati'on CcftJ?. Ncnrlv all thcw 
are inserted iu the diugram, reaching itvux a short distance west of the meridian to tlio 
aonthowost limit of the maik. The most easterly star in Getut is Menkar. Frooeediug 
onwards towards tite eouth-west, the next star is Gamma Ceti, preoeded at some distance 
by Mini Veil, a most curious variable star. Beta Ceti is near the Umit of the diagram, at 
the right-hnnd side. It will not be diffinilt to discover most of the cLief star** in Cetiis, 
as, although it is a large constellation containijig numerous small stars, yet the principal 
objects are wdl sqMurated from each other. 

The Flei(«d«s are now on the meridian, about twenty-eight d eg r ee s from the maith; 
these pqpolar Stan can always be distinguished without diflSculty, by their nshoICNSI Of 
cloudy appcaranoe to the naked eye. Thf ci ntral and principal star of the group, Alcyone, 
is about the third magnitude. At this moment only three eoQ«tellatioiu are ou the 
meridian, Perseus, Taurus, and fifidanus. AJphaPorsei has just passed the moridiBiiiMar 
the seniiL Perseus oooupies most of the sky between the senith and the Pleiades. Hie 
star of the third magnitude near Alpha Persei is Delta, the two between it and the 
Pli iadi s uro rp-Ilon and Gamma Persei. Algol, in a narrow br;ineh of the "Milk) "U'ay, is 
due west of Kpsilon Persei. Eridanus, joining Taurus on the meridian, is a xery extensive 
asterism, and many modem unsuccessful attempts have been made to reduce it by the 
ftnuatmn of sevend amaU comstellations o«l of some of its ontlying portions. The stars 
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n«ur ih« meridian, in the lover portion of the diagram, oil belong to EridannB ; none of 
them are, however, greater than the third magnitude. Achcmur, nf the first magnitude, it 
not only the principal star in Kridanus, hut also one uf the brighteet in the aouthem 
hemifiphere. It never rises, however, ulmvo tliv liori/.nn of T.onrlon. 

Let lu now direct our attention to the sky cast and 8uuth-eu«t uf the meridian. Here 
we have at one vieir a perfect gtdaxy of itan, indnding those in Taiirui» Auriga, and, 
lower down half-way between the aenith and the eaetun horison, Caetor and PoUox. 
These stara can be reeognised near the upper bonndary line on the left-hand side of the 
Inwrr fliiifrram. Near the horizon, hut outside our limit, Rcgulus and the stars in Leo 
add to the beauty of the eastern miclnight sky of this mouth. From the moridiau to the 
£.S.£. horizon, wc pose above Orion and thiottgh Tuiraa, Gonini, Oanii Minor, and 
Hydra, and near the firat-elasB stars Aldebaran and its companion* the Hyadee, Beta 
Tauri, and Procyon. The position of Orion in the heavens rcquirt« no explanation, as 
that In ulwav-s piiinted out by the well-know n tlm-f stars in the Warrior's belt. The two 
upper stars are iietclf^iw in the north-east and BeUulrix in the uurth-west corner of the 
quadrihiteral, Kigel being in tho south-west corner. Sirius, the brightest of the fixed 
stars, is near the horiaon in the sonth-eaat. A tolerably bright star to the right of 
fiiriua ia Beta Ganis Majoris. A few objet ts Ix low the quadrilateral of Orion belong 
to Lepus. Between Sirins and Procyon the sky is occupied by ^fonoccros, a district 
void of stars above the tilth magnitude. Near tho horizon in tho S.8.E., oue or two objects 
iu Canis Major bolow Sirius, and in Ctdumba, can be seeu at midnight. 

In addition to the usual otroumpolar conatellutions, the narthnm sky oontBtns, at mid- 
nighty portions of Pegasuai, Cygnus, Andromeda, Yulpecula, Lyra, Hereulea, Bootes, Cane* 
Yenatici, Coma Berenioea^ Lynx, Leo Minor, and Leo. The diagram, looking north, 
contains spvrral stars in some of these couHtellations. If we examine the north-western 
quadrant first, the bright star-group of Cassiopeia will at once at tract our notice in the 
W.N.W., at no great distance from the aenith. Below Cassiopeia, in a n<nth-westerly 
direction, the three ptueipal stars in Oepheus may be recognised as forming an are of a 
circle, of wluch Beta, the lowest of tho stars in Gawiopeia, is nearly the centre. Between 
Ce])hciis and the horizon, the isky is occupied by Cygnus, whose rliicf star, Deneb, or Alpha 
Cvfjni, is a prominent ohjei t twent v-tivo degrees high. Vega is near the horizon in the 
N.N.W. The two bright stars between Yoga and tho meridian, ore Gamma and Beta 
Dnwoni^ Gamma being that nesrest to Yega. Draeo now incloses Ursa Minor on ihe 
west, north, and east. Socah, Gamma Vrsie Minoris, and the small stars leading to 
Polaris, are all to the north of the pole. A considerable portion of tho north-caat sky is 
oecnpicd by T'rsn Major, which extends some distance south and east of Chfirlos's "Wain. 
The pointers, Dubhe and Merak, ore the uppermost stars of the group, the third is Uumuiu 
Vrm Mnjuris, the fourth Delta, the fifth Epsibn, or Alioth, the aixtk Zeta, or Miaar, which 
is donUe^ and the seventh Eta, or, aa it u aometimea called, Alkaid, or Benetnasdi. This 
last star is fourteen degrees aboye the horizon. The companion etnr of Mizar is named 
Aleor, and can be peroeiTed oocastonally by the naked eye, and very clearly with an opera 
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glass, or small hand-telescopc. South of Ursa Major and Draco, the large space reaching 
to the zenith is chiefly occupied by Lynx nm\ ramclcopardaHs, two constellntinns without a 
single large star. la the eastern horizon, but ouUtide the limit ot the diagram, several 
bright Stan in Leo ham just risen. Tbe mtual horizon from ipett to noir& and east i» 
ooeupied by PegMoei, Vulpecuk, GygnuB, Lyra* oad Hercales* wert of meridian, oad 
BuuJls, Ciiues Yenatid, Coma Berenices, and Leo, cast the meridian. Cor Caroli, the 
pi iiu'ip;il star in Canes Yeiiutici, is visihlr east of Eta Ursic Mujoris. Botiles and ITLieules 
are in the north horizon, the former bt^injj slightly cast of the mciiili in, and the 
latter west of the meridian; the two consteUutious are separated by Corona Borealis. 
The pORtion of tlMW timia aateriama iai, hoirovw, much too low, at this time, for any of 
tiifiir stars to be seen irith sdTantage. 
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UTj niidniglit sky is perhaps more brilliant in December than in any other month 
oi"t!u' ynr at tlic same Lour. Some of tin* finest const ollaf ions whidi iirlnni flic 
hi"t\t'ns south ol' tlic /* iiiih arc now in conspicuous positions. Among the>-o, 
Aries and Taurus, west of the mendiun, Auriga, Orion, and Coois Major, almost due south, 
or on tihe meridian, and CaDU Minor, Qemini, and Leo, in tlie eoit, may be qiecially 
mtntumed. Adding to the bImto tbe circampolar constellationB north of the senith, TTrsa 
Hajw, Una Minor, Draco, Cas-siopcia, and others, we have at one view the majority of tbo 
principal stars visible in thr> TKntlu rn hemisphere. Any oiu' slatiniie*! so as to command 
the whole of the sky above the horizon, can at this time perceive the following firat-class 
stars : — Aldebaron, Betelgcuse, Higcl, Delta, Epsilon, and Zcta Orionis (the three stars in 
ibe lidt of Orion), Capella, Sirina, Procyon, Oastor, PoUux, Begulna, Benebola, Alphsmt, 
Toga, Deneb, and the start compoabg iho well-known groaps of Uraa Ibjor, Peraeoa, 
and Cassiopeia. 

The ranprnifircnt nppoarancp of the south meridian midnight sky of Doerm1)er is, 
however, principally due to the prolific region occupied by the constellations Taurus and 
Orion. Aldebanm, the chief atar in Tannia, is exactly midway between Bellatrix and the 
Pleiades. The Tidni^ of Aldebann is unusually ridi in small objects, and incltdbs the 
group of the Ilyades. This brilliant asaemUage of atan has been thua aologiaed by the 
astronmnioal rhymester: — 

"III luBtrous dignity ntoft, »«• Al]>lin Tmii •.liiii', 

Ttie Bplt'ii liil /one hn <J)vnratr», attiHU lii<- I'.jvvi r tUvuK- ; 

For mnrk arouiiJ wliiit glitl'ring orbs attmct the wnmlt-ring eye, 

Vou'll soon conTeOT no othvt star mich attcmlnnts »iKl>-" 

Hcglnning with the south-western quarter of the sky, or the right-hand side of the 

diagrnm, looking; s<wth , the ohsorvcr is requested to look over-hrjid, wh™ hr will U'ttit c the 

very bright star, Capella, about eight degrees from the zenith. i>ue west of Capella, the 

Peneus group con be distinguished in the Milky Way ; its principal star. Alpha Persei, 

will be found inserted in the diagram, looking north, while Algol is in that representing 

the sky south of the zenith; the imaginary line from due cast to due westoonscquenily 

passes between these stat^ thus dividing the oonstellation Perseus. Alpha and Beta 
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Ariotis, the ch'wf stars in AricH, arc below Pcrsciis towards the west ; thcj' can iMonfifiwl 
iu the diugram ncnr the right-hand upper corner. l$»'tweon Aries and tlie wtstorn 
Iiort»»» the space is wholly occupied b}' Plflces. Tuking ( upclk M « xero-point, and 
looking townrda the south-west, we pass over the th>di]y-studd«d constellation Taurus, the 
position of which is eainly recngniscd by the rii'iudes group, and by Aldebaran, with its 
rmnpaTiinii stnr^ tho llva ics. 15i low Taurus and Aries, in this din'ction, KridanuH and 
C't'tuH extend to the horizon. The ninrs immediately beluw Aries belong to Cvtus, and 
those near the soutli-wt^t horizon to Kiiilaiius. 

From the senith to the horixon, along the plane of the meridian, we pass oyer Auriga, 
which now occupies the sky diroetlj oTorhead and seTerol degrees soudi. Its principal 
stars, Capella and Beta Aurigae, an^ near the zenith, the latter being on the nicriilian. 
ISv'low Aurign, tlir two s'^^? of th'- ziwiiac Taurus and G^'mini join each nfhfr, and li^neuth 
those the brilliant as8emblagc ot Htarn cumpoeiug the Oriim group w at its greut^'St 
elemtion. Directly below Orion, the small constellalion Lepus can be identified hy some 
moderately bright stars ; and south of Lppas, rery near to the horizon, a few stars in 
roliimba can bo seen on clear nights wlien the south horiion ia free from luUEe. The 
bright star aboul lialf-way bcfwcri fhr z( iiitli and (he upper stars in the quadrilateml of 
Orion h Bi'hi Tauri, or Xatli, the sci rmd st ir in Taiiru'*. In flio Tiofp« on t1»e rni!«tella- 
tion», wo have given u separate diagram ot Orion on a huger »talc than that atiopte<l in the 
sky Twws, and have also inserted the names of all the principal stars in that favourite 
oonstellation by their usual Arabic or Oreek designation. For this reason it will be 
SuiKcient to slate here that the north-western star of the quadrihiternl ib lielhitrix, or 
Ciumnia r)riniiis; that in the iinrfh-ens-t ih Heff>lj^iifie, nr Aljiha f^Tiniiis; that in tlio 
south-west corner is liigel, or Beta Orionis; and that in the south-east is Kappa Drionis. 
The most westerly of the three stars in the belt ia Uintako, or Delta Orionis ; the central 
one is Alttilam, or Epsilon Orionis ; and the most easterly star is Zeta Orionis, or Alnitak. 

Some very prominent stars are contained in the south-eastern quarter of the sky, but 
still a considerable portion of this division of the heavens is comparatively bare, e.sj>eciully 
east of Orion and rants Major. Sirius, the most ron"<picuou8 of all the fixe<l star-, and 
several other objects in C'anis Major, ore now visible in the S.S.E. ; s'jme of them are, 
however, near the horiaon. At some distance east of Betelgeusc, after passing across the 
Uilky Way, Proeyon can be detected as much from its intrinsic lustre, as by its forming, 
with Betelgeuse and SirittS, the most sjdcndid stellar equilateral triangle in the heavens. 
Ifortli (if I'rof von, the twin sfar*( r'a'^fnr and Pollux can Ix? rccogniful at a glance. The 
toleruhly bright objects between I'ollux ami Orion all lielong to Gemini. Lookin^r due i ;Ht 
all the stars iu Leo are distinctly visible ; many of them are, however, very near the eastern 
horiaon. In the left-hand upper comer of the diagram, looking south, Begulus, Gamma 
Leonis, and the remaining stars in the Sickle are inserted, hut the other stars in Leo are 
outside the limit of the diagram. Although the absi m t' of largo stars in the south-cast 
makt"^ that {lart ol the licavf ns loolc, by mere contrast, almost bare, yet one wnrcelv nntieoa 
the detect on the clearest winter's uight, on account of the unusual brilliancy ot the meridiuu 
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nky. Exmptlng Alplia IlydrsD, or AlpLarfl, iliore is scarcely an object b(>tween Cam's 
Minor and the horizon above the fourtli ii)!i<jriiitii<le. Alpbfi TTyHnr can bo dofcetrd in l!iis 
thiuly-studded region of the Leavens by this total al)aen<f of any star of equal magnitude. 
The ooiutdlatioiM Mbuocerot* between Orion and Game Minor, Sextene, below Leo, and 
Cancer, between Gemini and Leoi, contain no atar of Miffidcnt prominence for a special 
indication of its position. 

North of the zenith, the midnight sky contains portions of several well-knowti constol- 
lations, which at the aame hour in other aeawme of the year are included in the south sky. 
Hany of them are, howerier, near tiie horiaon. Beginning at the weet, and pa.sHiiig round 
the boriaon from west to north and east, some of the principal stars in Fegaans, Cygnus, 
and L3rra, can be seen very low down on the western side of the meridian, and tbosc in 
Ilenniles, Bootes, Coma Borenicos, aiul Virp^o, on t]in (\T<?tprn Mi\r: 'ITie horizon i\uc wost 
and east is occupied by Pijjees and Virgo respectively. Nearly the whole of Androiuedu 
baa poased from the diagram, looking south, to that looking nonii, since last mouth. 
Polaris is very easily identified, as no other important etar is situated between the senith 
and the polo. Tliia district of the heavens is entirely ooonpied by Camdeopardalis. The 
meridian between Ursa Minor and the north hori/on jmswos through the wident portion of 
Dntco, wboflo two brtphtp«t stars, Bctfi tind Gammn, are at about twelve degrees altitude. 
Beta having just passed the lower meridian, to which Gamma h approaching. Theue two 
•tan indicate the position of th« head of the Dragon. 

In the north-weetera aky, the chief «t«f« in Cuaaiopeia, Cepbeiis, and Andromeda, can 
all be readily traced. Cassiopeia is very fiiTOnmbly situated in the nortb-west, midway 
between the zenith and horizon. Tlie apparently lowest object of tlii:< proup is Beta 
Cassiopeia?, the leading star of the constellation. In the W.N.W., or in the upper part of 
the dtttgram on the left hand, tbe stars all belong to Perseus or Andromeda. It bas been 
already mentiimed that one portion of Perseus is contained in the northern half of the sky, 
and the other in the southern half. Below Perseus, towards the west^ the first toleraUy- 
bnght star is GatTimn Anflromcdtr, the next Mirach, or Beta Andromodnp, and that near 
till" limit of the diagram Alphcrat. All tlirse stars ran 1k' recognised in the heavens, in 
the oixicr we have given, by looking a little south ol weat. Ccphcua ia north of Cassiopeia, 
and north-west at Polaris, and in the same direction, near the boriaon, Deneb> or Alpha 
Cygni, ia the brightest star now visible in this quarter of tbe eVy. Yega is above the 
horizon, but only by two-thirds of a degree. The haze is, however, always dense enough 
to nbsscnrc it. This star has been obsrrvcd ocrasionally in former years, when in tlii* 
position, through the Greenwich meridional iustruuicuts ; but since the growth of Ixindou 
in the north-eastern aaburbe, the increased impurity of the atmosphere has prevented any 
obaervations being nudia. 

Ursa Major is the principal constellation in the north-eastern quarter of the sky. Its 
pnsition can be perceived by its stveii chief stars. It extends to within twenty deprees of 
the zenith. Bubhe and Meruk, the pointers, are now the uppermost of the stars iu 
Cbarlra's Wain. This group is approaching that part of the sky in whidi they were 
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situated in onr first fli'ajjrnin in January. By an iiiHpct^tion of tlic twelve (llncmTris of flio 
north sky, tbeeflt>ct of the seasonal changes, iudepeudcntly of the duily vuriations owing 
to the dinmal rotation of tlie earth, can he earilj fdlowed hy noticing the monthly 
poottioni «f this wdl-known group. Every day in the year these stare, in conunon 
the others, have apparently revolved in n circle, of which the celestial pole is the centre. 
Tlipy liavo also, as we explained in March, revolved around the jhjIc once durinf* the year, 
as a consequence of the revolution of our globe in its orUit around tho Sun in the same 
time. They have, in fact, apparently rerolved 866 times in 365 days. All the cironm- 
{wlar oonstellaticas would serve as examples of the seaaoaal Tariations of the positions of 
the stars, for any glviw hoar, as irell as Ursa Major, but the well-defined form of this 
group raakc« it more easily recognised than any other. South of the princiiml group in 
Ursa Major, or in ar tho upper pnrt of tlie righl-haud side of tlie diaj^am, a close pair of 
stars, Iota and Kappa Ui-sas Majoris, situated in the Great Bear's right fore-foot, may be 
noticed, and a similar pair a little loww, hut more to the right, are Lamhda and Mo. Utbd 
Uajoris, in the Bear's right hiad^foot If we except Ursa Major, there are not many 
bright stars in Decerabt^r in the north-eastern midnight sky. Kocab and Gamma Ursa 
Minoris, to the left of Charles's Wain, Cor Curoli to flie ri^'lit, and a few ^t.irs in DraCO, 
below Ursa Minor, are the princi^ objects after the seven in Ursa Major. 
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"Go, tak« tin- wiii^ of mom. 

And fljr licyoiul the utimirtt im>a ; 
TIkiu .limit not Hilt) thyH-lf furlorii, 

Tby Uod k Ktill tritb tliec : 
And wbcK his Sfirit bida thee dwell* 
Tlitr^ tod Ihim only, tbmi ut mlL 

"Soon ih« wiile wnrlil, WtirMii 

Onr fiM-t, coii^lolifi* its nolid nuM; 
Soon liiii(l<i aiiU WHtt^rs inlervenoi 

\V hich I must iii'vi-r piuw : 
Soon liny and uight with tbeo aro cluii(jnl, 
SoHow nvffMdf Mtd clime Mtnogad. 

••WTicn tmjilo gloom i^tunu. 

Murk what in» staw their vigUs kct-p. 
How (•lures the H'oir, the I'hceiax bunuj 

And on • otonulm deep, 
■Hio Onp or Iwrna, (lio patriarcb't ptrt, 
Tk€ tmbkm «/ rarfemtit; tort.* 

** Wiiilo Hum omduDt thiiM eyit, 

Oh think how often we bma inBnd— 

Cuztil on the g!"rir^ nf uur dcy; 
Of hightr glurieit talkf^i, 
Till ««r betrto «Mlgllt • kindling ray, 
And boned wltkin w by the way." 

jAJIBt MOKTOOMKKT. 
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FEBRUARY. 




oeld»mtied traveller Aleander Ton Eiiiii1ioldf» lun nnwrked that "ono 
experieBoes an mdoMribBltle Mnniifni when, m lie approwsheB the oquBtort and 

especially in passing from one hemisphere to the other, ho sees the stars with whioh 
he has been fRmiliar from infancy gr.ulually approach the horizon and finally disapp^nr. 
KottuDg impresses more vividly <m the mind of the traveller the vast distance to which ho 
bMlwon Mmomd fimn lui natrraoooiitiy tfasn iht sight of a nevr firmament. The grouping 
of the larger atan, the eoetiered nebulm nTaDuig in loetxe the Milky Way, and apaoea 
raoarkable for their extreme darkness, give the southern heaveilB a peculiar aspect. The sight 
even strike? the iinagiiiatiim of those wlio, although ignorant of astronomy, find jileasnre in 
contemplating the celestial vault, as one admires a fine hiiulscape or u majestic site. Without 
being a botanist, the traveller knows the torrid mue by the mere sight of its vegetation j 
and without the powMebii of aatrouoniioal knovledgo, peroeiTea that he is not in Suropei, 
when he eeee rising in the hoiuon the great constellation of the Ship, or the phosphoreaoent 
clouds of Magellan. In the ecjuinoctial regions, the earth, the sky, and all their garniture, 
assume an exotic character." Experiences similar to those of the great philosophical 
traveller are doubtless felt by most intelligent voyagers, who for the first time find themselves 
in view of the gorgeous grouping of some (rfthe principal southem oonstsUatioiM. A writer 
intheXeMNft«.BbiMVaftera]]ndiagto theehanges in one's habita and ftelinga produced hyUie 
great difierence of temperature between the banks of the Avon and the troptos, says: " Hie 
Moon, too, only appwired brighter, fairer, and bettor defined through a more transparent 
atmosphere. But the stars were diifercnt. Walking the deck on fine nights, the heavens 
seemed palpably changed ; (uid the thought of being far, fiu* from home, was impressed 
upon the mind with a power nerer known heflsre. Stan, whieh had been watdied in the 
northern sky with interest and delight in the days of childhood and youth, drooped towards 
the horizon, and wen; at lenpth looked for in vain. Others customarily scon towards the 
south were high overhead, while strangers appeared in tlu; direction we were pursuing, 
ascending higher and higher till there wa«i almost a new heaven aloft, without any mtimation 
that the old earth had passed away.*' 

The reputation whidi the iky of the wmthem hemisphere haa obtained hr its snperior 
brilltan^ that of the northem henii^en^ depends prindpally upon three or four rich 
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coTistcllatioiis wliirli arc situated at no great distanto friiiu llie ni'Hf splendid portion of (he 
!^lilky Way, In utlirr <lin < tious, esix^cially witiun tweuiy degrees around the south pole, 
the heavens are jmrticularly devoid of largo stars. Taken aa a whole, the cii'cumpolur ulai-a 
visible at Lomdoni and wluch are consequently invisible, for tb« moat part, in our aoutbem 
colonieB, can vie in magnitude and intereating groaping witb the larger portien of tbe 
flonthern heavens whieh never rise above the horizon of London. But the more than usoal 
hrillianrr of (lie Via Lactea in tlic neiu'^iiwrhDod of tlie Ccritanr and the Southern Cross, 
coupled with the profuse collection of large stars in these two constellations and the iShip, 
makes this portion of the eoutberu sky, when at tbe highest point on the meridian, 
probably tbe most magnificent star-view in eitber benuapbere. Tbis beaatiM stellar view 
is much enhanced by the paucity of stars of large magnitude above and belnw tlicsc three 
constellations, which shine forth therefore all the brighter hy tlie conlnist. The general 
aspect of the remaining part of the soiithfrn sky not niiiarkablp, excppfirrT the two 
isolated stars of the first magoitude, Canopus and Achernar, and the nebulous patches 

But tbe grandeur of the Iteavens sontb of tbe equator does not wboUy depend on stara 
wliicb never appear above the horizon of London, for it is greatly increased by well-known 

COnsteHations visible in both lioiiii-pliercs. I'or instaiict', tho bcaiitir.il group of Orion, 
which adorns our evening sky in the winter months, also addn eonsiderably to the brilliancy 
of that of every other part ol" tho globe south of the equator. This constellation is even 

mora fovoorably situated there tbaa in Great Britain, on aooount of Ibe greater altitude of 
its stars. Sinus, tbe brightest of all fixed celestial objects, diines more resplendency in 

tbe southern heraiapbcre for the same reason, being, at the Oupe, when on tbe meridian^ 
only eighteen degrees north of the zenith. Tt is therefore this combination of the great 
cluster of brilliant objects in Ceutaurus, Cruz Australia, and Argo JNavis, with certain 
others common to both hendspberes, wbieb makes i^ that magnificent display which has 
deservedlj given to tbe sky of tbe soutbem bemispbera that leputation for brilliancy which 
has been banded down from genoratlun to gt-noration. 

We can well understand the fetlinp^s of voyagers to our snnthem colonies on gradually 
leaving behind them the last visible links which bind them to their native land; but if it 
were ever our fate to be in their position, we think that we should be amply compensated 
bj tbe appeartnoe^ on tbe oppoaite eida of the heavenc, of star after star, with the 
configuratioM of which we had not been previously acqnainted. The observation of ^e 
daily additiona on tbe aouth horizon would be a most interesting and instructive amu>enii'nt 
during the voyage from Europe to the Cape, as the vessel pursued its silent course tou ards its 
destination, buppose, for example, that our voyage commenced in February, that we have 
taken our farewell of the Lizard Lights, that we have passed over the stormy Bay of Biscay, 
and that we have arrived in tba latitude of Madeira, whose balmy air attracts so many to 
its shores. With what eagerness we should then look out for tbe duef star in Argo Navis, 
Canopus, skirting the south horizon in the early evening; and a% the vessel gradually 
approached the equator, our progress southward would be clearly marked by the daily 
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incronKing altitude of this star. In about latitude 20* N., several other bright objects in 
Ar;>f» Nuvis can nho bp iflpntified a few degrees abovp tlie horizon. But with what an 
intense desire we should watch for the Southern Cross, whose stellar fame has been chronicled 
hy navigators since the days when Yasco da Gamaand his companions beheld its glittering 
gems from the deck of tlie first reBsel which reached India round the Gape of Good Hope^ 
About the end of March, at midnight, the principal star in the Cross is exactly on tbo 
horizon due south in latitude 27" 39' N. It would not, however, bo visilile then ; but a 
few degrees nearer the equator, the group may be discerned for a short time each ni^ht. 
By the time we have arrived on the equinoctial line, the chief object in this constt^llution is 
87* 39^ above the horuoii wh«i <m the meridkn, and the stars composing the group are 
now very eoo^etions. This part of the sl^ appears more brilliant aa the Ship, Gentanr, 
and Southern CroBs, approach the senith. At the Chqpe of Good Hope, for the ktitade 
of which the diagrams hare been prepared, these oouteUatianSi, however, nsrer reach 
the zenith. 

The general aspect of the southern sky has, in many instances, made a deep impression 
en those travellers who^ for the love of geographical disooveiy, have spent months, or even 
years, in imknown tropic^il rr^^Ions. Many have given utterance to the delight they have 
experienced, when far away IVoiii fricnrh, in Imving^ "sweet converse wiili tlio stars." But 
they bavr looked at the stars in a jiractiral as well as in a poetical spirit ; for travollcrs not 
only tix their latitude and longitude by their sextant observations, but the whole heavens 
also serve a« a nniverml timepiece, being really and ti-uly a great etar-doek. " How 
often," remarks Iluraboldty "have we heard onr guides welaim, in the savannahs of 
Venezuela, or in the deserts extending from Lima to Tnixillo, 'Midnight is past, the Cnisg 
begins to bend!"* Onptains Speke and Grant trac kf<l their way through the imknown 
regions of Africa from Zanzibar to Gondokoro, by an almost nightly reference to the stars 
for the determination of the latitude and longitude of their position. Dr. Livingstone hat 
done the same in hie numerous African journeys. H. Bu Chaillu informed the author that 
when full of disappointment and grief at the failure of his most cherished hopes during 
his last journey to Ashango Land, bis cln'of solace wns to lie prostrate fftr hrurs and 
contemplate the beauty of the heavens above him, looking upon the objects composing the 
brilliant scene as his companiona in travel. In the published account of his travels be 
remarks that when at If iyolo^ ** the contemplation 9i the heavens affi>rded me a degree of 
enjoyment difficult to dcscnbe. ^lien oveiy one else hod gone to sleep, I often stood alone 
on the prairir, witli a gun by my side, vrntrhiiip the stars. I looked at some with fond 
love, I'ur (lu'v liad b< rn my piiide«, and ectns('<jufntly mv fricnils, in tlir Innolv rmintry T 
traveUe(^l ; aud it wu-s always with a feeling of sadn(!S8 that I looked at them for the kist time 
before they disuppeared below the horiaon for a few months, and I always welcomed them 
back with a foeling of pleasure which, no doubts those who have been in a situation similar 
to mine can undcrstniid. T studied also how high they twinkled, and tried to see how 
many briglit meteors travelled throntih the skj', until th(> morning twilight cnrae and 
reminded me that my work was done, by the then visible world bccooiing invisible. At 
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the period of the y«ir I 8p<nit nf ^['lyolo, tlic* finest coiistollatlnns of the soutliem 
hiMnisplicre were witliiii view at tlie ^^aiiie time — tlie constcllat i»m of the Ship, fjf the 
Cruau, of ihe CtJuUiur, ol" the Scorpion, of the Greuter l^og, and the Belt of Orion — which 
indudB the tiiiee brightort itm in the Immiui, SiriuSt Oinoptts, and Alpba Gentavri." 

Our diagmni of tlie of iSb» aouth«ni lieiiiMtphere mo intended to gire a iqm- 
ieotation of the heavens aa viewed from any statba dtuated in 34° aooth UtatndA. We 
Lave chosen this terrestrial parallel, because it conveniently liappens for our purpose that 
aevoral important districts in Australia and the Capo of C^ood Hope lie exactly in this 
latitude. Sydney, the seat of Goverameut in New South Wales, Adelaide, the capital of 
South AnBtnUa, and Gape Town, are on« or very near it ; while Melboomei, in TieUnia, 
and Perth, in West Australia, are aituated within a few degreea. The nortibem coasts of 
New Zoaland and many important cities in South America are nho near this parallel of 
latitude, including Monte Video, Buenos Ayres, Santiago, and Valparaiso. No^- our sVy- 
views are equally available for all these plut^b ; for it matters not where un observer may be 
etat fo ned, so long as he is on, or near, that imaginary line eneircling our globe thir^>ibnr 
degreea aouth of the equator. In the Febmaiy diagtama the obaerver ia mppoaed to be 
located at the Cape ; £rst in the neighbourhood of Cupe Town, looking south over Table 
Mountain, and secondly at Kea, on flie jnunt of entering Port ElizabetL, In the view, looking 
north. But although we have arbitrarily jR'lected thvse towns for our landscai)cs, it must 
not be considered that our remarks and diagrams are intended exclusively for the Capo of 
Good Hope i httt» on the otmtrary, we repeat Hat they flan be atodied with equal advantage 
hy all who wteh to leani tiu eonfigaiationa of the oonatellationa, whether the ilndBnt be in 
Auetrulia or in any other plaee ntvated near the same degree of awth latitude. 

In describing the diagrams, we hope to point out, in as clear a manner as possilde, the 
pottitious, both relatively and abaolut^ly, of all the principal stars. We are certain that 
many who have token, on interest in the stars of the northern hemisphere, and in the 
deeeriptive notes and diagrauia of the '* Midnight Sky at London," will find equal intereat 
in beooming slightly acquainted with the namea and poaitiona of some of the most 
conspiriious of the wtars which, although never rising alwvc the hnnzr>n of Great Britain, 
are the nightly oompauioiiB of friends in far di.staut lands, ^^'e may quietly remnin at 
homo, but our imaginations can, with very little trouble and study, soon supply a tolerably 
aoGurate repreeentation of the firmament inviaiUe to na. Althongh the anthor baa nerer 
aeen many of the briUtant otsjeota whoae poaitiona in the heavena he la about to deKribei, 
yet probably very few of oldest inhabitants of the southern hemisphere are as 
perfectly acquainted with their exact locality; a knowle<lge he lias obtained by the (areful 
computation of the position of each star iu the diagrams, small and great. If he were 
suddenly transported to the Capo of Good llo[)e, or Australia, he would be able to distinguish 
the different otmitdlatioDa at eight, aa wdl, or nearly aa wdl, aa thoae with which he ia 
acquainted in thia country. During the preparation ef the diagrams and descriptiTe notea 
of the sky invisible in Great Britain, he has clearly seen in imagination the glorious 
groupings of Argo liaTis, the Centaur, the Southern Cross, the extra brilliancy of the Milky 
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Way, and the oontuMting daricnMB at the Bouth polar regioni. 'So intialxtattt of Uie 
■outhera half of our globe who is not an astronomer can possibly have mom MSOVialO 

conceptions of the geneml aspect of the sottthern sky than those the writer has experienced 
in England, while laying dovm star after star in the diagrams representing that portion of 
the hcaTons. 

Let hb fixsfc diraot our attention to tho diagfam in vhich the aonth pole of HtB liMTens 

is included. Passing dowM tl meridian from the aenith, wo come aft OBoe npon that 
splf'iulid constellation Arj;o Niivis, extending from Ciinopua in the west, nearly to tho 
S'lutlu rn Cross, mat of tlio meridian. As most of the stars within forty dt^prees of the 
south |)ole were unknown to the uncients, thoso of the greatest magnitude have been 
oatalogaed hy modem aatronomen under ike name of the oonateUationi with a Grade lettw 
attadMd. In Ibo daya of Ptolemy and ^Arabian aatnmoaien the ohirfatan in Eridamia 
and Argo Navis were known by the luimes of Aehonuir iind Canopua respectively, an 
applanation by which they continue to be ideutiiied to tliis d:iy. ArpT> Nnvis contains two 
stars of the first magnitude, Canopua and Beta ArgCts, five of the second, and several of the 
third. The reader can distinguish for himself each of thoae in tho diagram, by comparing 
th« oonetellation generally with the eafrcapanding Greek letters in the ind«x-ma|k If we 
now keep our eyee OH the plane of the meridian, from near Beta Argils to the oOUth 
horizon, we shall pass over a most unprolific region til! we fall on the constellation Toucana 
near the horizon. The south polar st.ir, which is in the centre of thia celestial void, is a 
very snitiU object named Sigma Octautis, of about the sixth magnitude. We have inserted 
it in the diagram* and ita poeition ia indicated in the indez'map liy the lettera 8.P. 
Astronomers in the aoutheni heniiapkeire an lesa hnmti in their polar star than their 
European brethren. Tho advantages arising from having a bright star nsar the pole ara 
very gr^nt, as one in that position i«! moat favourable for the doterrainntinn of some of the 
instrumental adjustments of ilm telescope as well em useful to the mariner for tixing his 
ktitude at sea. One advantage is, that in England, Pohuia «an be ofeaerved at every honr 
of the day or night, lite aouthem polar star, owing to ita small magnitndc^ oan* howereTf 
only be seen during the night ; nor indeed can any star within some degrees of tho pole be 
seen during the day time, alt }ioii<;h tho space is occupied by the small constellationa Ootana, 
Cboma^loon, llydrus, and a few otliers. 

East of the meridian, several brilliant stars are concenti-atcd about midway between 
the zenith and horison, among whioh Crux Austfalie* and Alpha and Beta Centauii, will 
he at once recogni.'>ed. Several objects are oontained within the boundaries of the Southern 
Cross; but the f^mr wliicli are so situated as to give it the appearance of a Latin cross are 
Alpha Cnici^, in the l<i\ver part of the stem, neureot th<' polo ; Oamma, in tho upper part, 
and fartlicst trom the pole ; Beta, which marks the tennination of the croHS beam in tho 
east, and Delta in a oorreaponding poeition in the west. Alpha Crucifli, the brightest of 
the four, is of the first magnitude, Beta and Qamma an of the second, and Delta of ihe 
third. Immediately below Crux Avistrali^ are the two splendid objects in the lower part 
of the foro>leg8 of Oentaums. Beta Cautaoh ia that nest to the Southern Grose, the other 
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being Alplta Centanri, one of tlio largest double stars in tho heavens, and one of the 
nearest to our solar system. Tin's di uWc (itar has boon frequently observed for the 
dctenninution of it» parallax, to which wo sliall again allude iu a future chapter. The 
remaining stan in GentaiiTiu, aoTenl of which an of the third ma^itude, are inMirtod 
in the diagram east or loft of its two principal objects and Crux Australia. Below Alpha 
Oentauri, three mo<leratcly bright atars point out the potsition of Ti i:ni ^'ulum Anatralis, tho 
principal star Alpha being nearest to tho liurizon. In tiic K ft-haiu! lower corner of tho 
diagram, the stars bc-long to Ara ntid Si urpio. Very near tho soulli liorlzon, east of tho 
meridian, the chief star is Alpha I'avoiiis. The Milky Way ia very brilliant about the 
BouHiem Cross and the CSentaur. 

West of the meridian line the Ay is leas attractive than that we have joat deacribed ; 
bat there are, howerer, several objects worthy of notice. Argo Navia is now on tho 
meridian; but rnnopus, its principal star, is con8idem1)ly ;i<lvaiiii d dtwaids ihr* sotifli-wt sf, 
and is somewhat isolated from its companions in Argo. Looking due west, a jmrt of Canis 
Hujor is inserted in the right-hand upper portion of the diagram. Below Canis Major, 
towards the aouth-west, ia Cdiimba Noadii, and near the borison in the &S.W., Achemar 
is viaible. The two HageUame clouds are in thia quarter of the akj» the upper b«ng 
named the Nubecula ^lajor, ond the lower the Nubecula Minor. The numerous small 
stars ill neighbourhoo<l of tbr >fagclhmic clouds belong to several oonatellaticma which 
are only of interest to the astronomer. 

Let us now briefly oonsider the diagram of the sky, looking north. Here the observer 
ia assumed to be entering the harbour of Port Elisabeth, Algoa Bay, Cape Colony. AU 
fhe stars inserted in this diagram are also \'isiblc ^t London. The principal first-claaa 
objwta are Sirius, Procyon, Castor, Pollux, Alpha Ilydnc, llegulus, Dcncbola, and Spica. 
yaw a'i (he rrlritive positions of thone stars on tho celestial sphere always rrmnin fho stime, 
they arc consequently viewed from opposite directions iu the northern and southern 
hemispheres. For thia reason, if we go to the Gape of Good Hope, we shall find thai all 
the constellations with whioh we are so fiuniliar in England, and which are common to both 
hemispheres, arc upsido down. For example, if tho rt«adcr will rotVr fo the Febraavy 
dinfjrnm nf f!ic iniiliii»j-ht sky looklnir finiith at Tjondon, he will scp that the group of stars 
on the meridian kiKiwii by the name of ihc Sickle, in just in a reversed pwition to the 
corresponding group in the present diagram ; and so it is the mime fur the other 
eonstdlations. West of the xenith, Sirius and other stars in Cania Major are very 
oon^euous. Lower down, towards the left aide of tho diagram, is Procyon, and lower 
still, the twin stars (^astor and Pollux ion is above the horinon, but is on the point of 
setting. The hri-^ht i.solated star above lu cr'dus, near tlie meridian, is Mpha nydnT», 
or Alphard. The constellations Leo and Virgo are very prominent ; the names of tho 
principal stars in them arc given in the index-map. The four stars above Virgo, in the 
form of a quadrilateral, near the upper part of the diagram, belong to Corvua. The 
greater part of the space between Corvus and the meridian is occupied by Crater. A 
portion of Ursa Major lies between Leo and the north horizon, its position being indicated 
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bgr the two cUwe p»in of stai^ Lombda and Mu Uran Majoru, and Iota and Kappa 

UrsGD Majorl8, near the horizon. Cdf Cnroli is very low down in the north-cast. 

Arctnnis rmd iho prinripnl Btjirs in Bootes are shining <'oi!f<piciion«ly in the N.N.E., 
but this portion of the sky is too far from the meridian to be included in this mouth's 
diagram. 

Hie nader u Tommded, in this place, that tke aeaMnu in the aouthon hemi^here are 

in reverse order to those in the northern. As the axis of the Earth is inolined about 
twenty-fhrec degrees to tho iltrection of the Tlartli's motion arouiul the Sun, the north j)C)lo 
of the Earth is turned towards the Sun at the summer solstice, while the south pole is 
nearest the Sun at the winter aoktice. The effect of this ii that the aeaaonB of the two 
hemispherM ate always in opposition to each other. In Great Britain the longest day 
takes place on June 21st, and the shortest on December 2I-i( ; but in Australia, the Cape of 
Good Hope, aiid in the lower part of South America, the slioi frsf day takes place on June 
21st, and the longest on December 21st. Confie(|iientIy, whoa it is summer in England^ 
it is winter in the southern heuiisphere, and rice tenia. 
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T mi(liii);lit, from Febniary to May, flie four ehief stara in Crux Austmlis. iho two 
brighttist stars in Centaurus, and the moat attractive portion of tlic Milk\- ^\':iy, 
are oil in their moet favourable positions for observation, being at that litiie on, 
or alightly eaftt or vest of, the upper meridian. The ezaot day when iha Southern Cron 
was on the meridian at midnight was on March 37th, the group then being Vertical in the 
direction of the south polo. In the middle of May, however, at the hour repreiented by 
OUT diagram", the Cross has pnssofl the meridian towards the west, and is commoTiring a 
downward course in the direction of the souUi horizon. In fact, all the stars wliick were 
M» attKaetifO ak thdir movfe eloTatod podtiomi in February have mads omflKlBrBble progrees 
onwards in didr apporait annnal revolution around the south, pole. It may be useful to 
remind the reader in this place of what wo have already explained in OUT description of the 
Fil<y of fliL' imrthcni lifinispluTc for March, that (lu'se daily, monthly, or qimrterly changes 
whicli wo notice in tlic po?<itiou of the stnrs with respect to tlie zcuitli and horizon at any 
fixed hour, are duo entirely to a corresponding daily, monthly, or quarterly change in the 
position of the Sun on tho eoUptio, and not to any real variation in the positions of tiie 
stars themsdLvee. After the expiration of « year, when tho Sun has made an apparent 
00m|Jete revolution on the ecliptic, the Sarth wiU be in the same part of its orbit as on tho 
corresponding day of tho preceding- ycnr, wh(»n, as the rchifive positions of the Sun and 
Earth will be the same, similar couiiguralious of tho stars will be visible. We have also 
mentioned previously that this monthly or seasonal change is quite independent of tho 
hourly change produced 1^ the rotation of our globe on its axis. Eveiy one knows, or 
ought to know, that all the stars make apparently a oomplsta revolution around. 1ko Earth 
in twenty-four hours. This is very evident to the youngest reader of these pages. For 
example, wo sec the stars which are not ciroumpolar rise in tho eastern horizon; ilieu 
gradually ascend till they reach their highest point on the meridian ; then as gradually 
descend townda the wsBtem boriaon, where they disappear fiwn vmw ftr oeveral hoors. 
While invisible to ui^ they ato passing in like manner ananss the sky vuible from the 
opposite side of the globe, and in duo time they will reappear on our eastern hori/on to go 
througli their regular course apain, without flie remotest chance of errint^. As tho stara 
ore fixed, all these apparent movements are solely produced by the tumiug of the Earth. 
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We are, indeed, tnmUing in tins manner, independently of our orbital motion, wiik a 
most {istoniahinp; rapidity ; for wp, nnd crcrything on the surface! of the Earth, are 
spinning round like a top at the rate of 1,040 miles per hour, and yet to our ordinary 
feelings we are perfectly unconaoioiu of it, so nniform is the motion. 

As an illuatntMm of the daily movamemta of a soutli dreompolar star, ons whidi is 
ntoated so near the south pole aa to 1m always above the horizon during tha tmnty-fonr 
hoiirs, we will select the gronp of foiir stars composing the Soutliuru eras'*, bo as to exhibit 
the position of that constellation, with respect to the zenith, at different hours on May 15th 
and 16th. It will be observed that, in the course of the day, the constellation will have made 
a oompibta oironifc anand the south pole. The four principal stars by whioh it is generally 
distingnUied sre between the sem& and the south pole^ and on the njiper meridian exaetlf 
at 8. } J i .Nf. on May 15. At 2.44 a.m. on May 16 the Earth will have tamed on its axis 
through one quarter of its revolution, the stars will therefore appnrently hnve passt'd over 
one quadrant, or the fourth part of tho circuit, being at that time duo west of the south 
pole. At 8.43 a.m. they have performed one-half of their circuit, being now near the 
horiaon, on the lower meridian. At 2.42 p.it. th^ are due east of the eoath pole, while 
the complete rsvolntim is made at 8.41 r.ic. At the hour of midnight this constellation 
is in the four positions, north, west, south, and east of the south pole, at the end of March, 
Junc>, September, and Decemlx^r respectively. 

We will now devote our attention to an explanation of tho two sky-vicwa. As usual, 
we confine our remarks in the first place to the diagram of the sky looking south, oTor 
Sydney, New South Wales. Tlilctng that portion of the heavens west of the meridian, or 
on the right-hand side of the diagram, it will be at onoe peroeiTed that the constellations 
to whose brilliancy the southern sky owes its pre-eminence are nil situated in tlint 
direction. Comraciu'ing at the zenith, and passing onwards in onh'r towards tho south-west 
horizon, we ehaii include nearly every principal star of note. Befonj we reach the 
Southern Gross, the space is principally oocupied by the oonstellations Oantaurua and 
Lupus, Ihe stars of which are somewhat mingM- This group consiatB of several stars of 
the third magnitude, about equally divided in number between the two conf^tellations. The 
two principal stars in Centaurus arc both ejwily recognised above Crux Australii*, Alpha 
Ccntaim, the celebrated double star, being that nearer the meridian, while Beta Ccutauri is 
between it and Beta Crucis, the moat easterly of the four prinoipaL stars in the Grass. The 
positioa of the Southern Cross itself is slways well marhedin the heavois. U Ihe resder 
will refer to the Februar}' diagram of the southern hemisphere, ho will perceive thcro that 
it is situated at a considerable elevation, but on the left siih^ of the meridian, a line drawn 
between the tipper and the lower stars being inclintxi away from the meridian towards tho 
north-east. In the May diagram the inclination of the Cross, which is now on tho right 
side of the miwidian, points ift a norih-westerly direetion. When on tike upper meridian, 
between the niiith ud south pol^ the Gross is, aa we have fvevioudy remarked, in a 
perpendicular position, the lowest star being the brightest of the group. When on the lower 
uiBridian, the position of the stars appsan reversed, the prinoipBl star then being the 

I 113 



Digitized by Google 



THE MIDyiOHT SKY OF TUl SOUTHEBK HBlIISPRBltS. 



highest. (Japtain Basil IIiilI, during a cruise in the southern ocean in a latitude vcrj' near 
to that for which our diagrumH ure constructed, refers to the varying p<)«ition of the stars 
of tbe SoatlMm Crow as Men from hii ship »t secu " I hare obaerved it," h» remarks, *' in 
«iT0i7 ttagBt from ite triiunpliMit Mrect position, liobraen sixty sod seventy degtees above 
tiie hociaOD, to that of complete* inreraioa, with the top beneath, and almost touching tbe 
wator. This position, by thp way, always romiiided ino of the death of St. Potor, who is 
said to hare deemed it too great an bonuur to be crucilicd with his head upwards. In 
shout, I defy tbe stupidest mortsl tbat erer lived to tvmteb tJuse dianges in tbe aapeet of 
tiiis splendid constellation, and not to be in eoone degrae strnek by them." 

Between the Southern Cross and the south-western horizon the sky is occupied 
entirely with the con.'^tollafioii Argo Navi^. Of this rcniaikulili' cfilltHtlcm of .^tars, 
Canopufi, near tlie horizon, and Hcta Argus, tlie nearest of the group to the meridian, are 
the principal. A reference to the iiidex-iuup will point out to the reader the relative 
posttioD^ as well as the names, of most of the othos. The brillianoy of tbe soutb-westem 
aky is muoh increased by the addition of tbe most luminous portion of the Hdky Way, 
which passes through Ceataurus and the Southern Cross. The Nubecula Major, or principal 
Magellanic cloud, is near (he horizon, slightly west of the meridian. Excepting the three 
stars in Triangulum Australis, there are no others on, or very Qoar, tbe meridian of 
saffident magnitude to attnet attentioB. Triangulum Ausinlis is south-east of 
Centaurus. The minute south polar star, Bigma Octantia^ is abnoat in the same position 
as in Februar}'. 

East of the meridian, or the left half of thr diagram, the appearance of the !<ky shows 
a very marked coatrast to that on the opjxwite t-ide of the meridian, although there are 
several stars of the Erst and sccoud magnitudes scutterc<d here and there. Looking due 
east from the aenith, or near the upper part of the diagram, a oonsiderable number of stars 
of tlie third magnitude mark the position of the southernmost portion of Scor^no. Antares 
and Beta Scorpii, the two principal stors in this constellation, are north of the zenith ; they 
arc consequently fo be found in the diagram, looking north. Due eant of the group in 
Scorpio, several stars in Sagittarius maj be noticed. Below Scorpio in the diagram, and 
between it and Triangulum Anstntlis, the eye hQ» on Axa» the altar, containing several 
tolenbly bngbtstari^ sonie of whidi are of the third magnitude. The principal ctmsteQa- 
tiona in the aonth-eastem sky, between Ara and the horizon, are Pavo, Toucana, Grus, and 
Indus. Their relative position.^ may be gathered from the names of their principal stars 
inserted in the index-map. Alpha Favonis and Alpha Oruis are of the second magnitude. 
Hydrus is below the south pole, and near the horizon a part of Eridanus is situat^L Its 
principal star, Aeheraar, is now several degrees east of the lower meridian, and rvrj near 
the horizon. This star and Cannpua in Argo Navis are the only two which never rise 
above the horizon of Euro|)o, wlio.so names have been dc-rivwl from the ancients. The 
Nubecula Minor is in this part of the sky between Ac hern ar and the south pole. In 
addition to the principal constellations which have come imder our notice, there ore 
nnmeiRms otiien» bat searoelj coe »fMt^nm a single star above the fourth magnitude. 

114 



Digitized by Google 



JIAY. 



Several <i{ these surround the pole, thos making that district of the heavens so celebrated 
for its companitivc dnrloioss, which appfltn all the more obsBiire by its oontraat with the 
brilliancy of other portions of the «ky. 

We win now say a few words in illustration of the diugraia looking north. Most, if 
not all, of the etan whieh will ooine under our notice are oomnum to both hemiepheree, and 
are consequently familiar by name after the penual of the chapters on "The Midnight Sky 
at London." The principal constellations included in the diagram are Hercules, Bootes, 
Corona Borealis, Lyra, Virgo, Serpens, Ophinchus, Libra, Corvus, Scorpio, Aquila, and the 
southern part of Ursa Major. Serpens and Corona Borcalis arc on the meridian, the 
fenBerhemg midway between the lemth and the north horizon, the position of the head 
being indicated by a group of three stars, the central one of whieh ia Alpha Sei^MSitia. 
Alphcx;ca, the chief etar in the Northern Crown, is exactly between Alpha Serpentis and 
the horizon. East of fho mrritlian, the principal stars are Eas Alague, Alpha Ilorciilis, 
Vej,'?!, Auturcs, and Beta Scorpii. All these, tofjother with those on the opposite side of the 
meridian, can be identified by comparing the stars in the largo diagram with those inserted 
in the index>map. Weat of the meridian, Spica, Alpha and Beta LibriB, Arotnrue, and 
aeretal aTerage-aiaed atare in Tirgo and Bodtea, owy be spedally mentioned. Atkaad, or 
BtaUrsae Mujoris, the star which points out the position of the tip of the tail of the Great 
Bear, is just vi^iiblc alxivo the horizon in the X.XAV. The rohitive positions of the constel- 
lations being the same those in the eorresjwndinp inap of the stai*s visible in the northern 
hemisphei-c in May, we must refer the reader to the detailed descriptions there given for 
qiecial r«narka on the difiwent oonstellationa. But it will be neccseaiy for us to state that 
the etars whieh are in the anuth of England are near the north hcriaon at the Cape of 
Good Hope, Australia, Buenos Ayres, etc., and thoee which are in the zenith of these plaoea 
are visible in the south horizon of England. 

In the southern hemisphere the apparent different positions of the Sun, Moon, and 
planets, bam tbam observed in northern latitudes, is sore to attraot the attention of the 
most casual obserrer. In this oonntry, we are all accustomed to look iot these objects, 
when on the meridian, with the face directed due south of the zenith. At the Oapo of 
0<K)J noj)e, or in Australia, however, the position of the observer is cxneTly reversed. 
When, therefore, the principal planets are at their greatest soutliern deelination, and w lien 
their right ascension is neorly the same as that of Argo Navis or Crux Australis, the 
oomlnned hriUiancy produced by the planeta north, and the stars nor(& and south of the 
aenith, is wonderfatty increased. Perhaps eike of the meet brilliant stellar apectacles in Great 
Britain is the appearance of the eastern sky at midnight in the early part of Novmil rr. 
"We have always had this imjjrossion on our mind when looking in that direction of the 
heuveus year after year, for the appearance of the meteors which form part of the ring of 
the memorable stream observed so universally in England in 18G6, and in North America 
in 1867 and 1668. At these timee we have had before us the glorioas oonstdlation of 
Orion, the thickly-studded Tuurus, the twin stars Castor and Pulliix, the seven stars in 
Uiaa Major, and several otheia of the first dass, iuoluding Sirius, CapeUa, Procyon, and 
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Rogxilus. All th(*m objects combincsd < <)iistitute a set-no of more than usual stellar beauty. 

But notwithstanding this magoificent exhibition of our principal stars, we b«licTC that a 

spectator placed m » looali^ ievenl degrees south of the equator, where lie ctn enjoy tbe 4 

mild mdianee sad the exfemal tmnquQlity of the tropical nights, sod where he has the 

beneGt of not only niast of the hriUunt stars visible to us, but also others, equally brOliaat^ 

invisible in northern latitudes, never fails to award the palm to the ('qu.iiorlul sky. For 

the brightly-beaming constellation Argo Navis, the Milky Way bttwetiU Scorpio and 

Ccntaurus, with ita contrasting bright and dark patches, the ever-popular Southern Cross, 

the two aeighhouring first^clafla stars in the legs of the GBntaur, and, indeed, we maj add, 

the pictnreaque beauty of the whole expanse of the heavens north and south of the MDldl, 

arc materiab amply suiHcient to leave upon the mind of the most indifferent observer, sooh 

deep impressions of the majesty of creation as ou^t not to be easily e&oed. 
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RE tfauts vliieh ImTe twen ao oonipieiunu m tfie nppw pmtiagis of tlw ^agnuna fbr 

February and May, looking south, are now all near the hozuon, wouw in Argo 

Xavis bcinp Ix'low that limit. The aky at midnight in the winter months of 
Austnilia, the Cape of Good Hope, and other parts of the eoathcm hemisphere in the same 
latitude, is therefore not of that brilliant cburucter which we have described in former 

Imt mneh of thair attrBctivaneaa ia loat by raaaim itf Hhair pnaiButjr to the horiaon. If at 

this season of the year the general aspect of the heavens to the naked eye ia less striking 
than at midnight in February, tho superior definition of the stars, owing to tho 
comparatively lower temperature of the air, enables the astronomical observer to carry on 
Mb deiioate obaerfationa inth Ikr gnatar ]Rwirion than when the imageaof the atan an in 
ft tremvloiiu atato, canaadhytlM exoaanvtt haotainddiyneaa of Whan Sir 

John Herschcl was at the Cbpo of Good Hope, in the years 1834 to 1838, ho frequently 
noticed that in the cooler months, from May to October imluslve, and more especially in 
June and July, that the finest opportunities for delicate astrouomical observation occurred. 
He remarks that the state of the atmosphere in these months, as regards definition, was 
habitually good, and imperfaet Tiaion naa nliher tha aiMeption than lSb» nle. The haat 
ni|^tB» whan the atan were moat ateady, alwaja oooumd after the heavy laina, whioh 
generally fell at Ihia aeason, had oaoaed for a day or two, when "the taianqnillity of the 
images and sharpness of vision was such that hardly any limit waa aefe to magnifying 
power but what the aberrations of the specula necessitate." 

lu our examination of the diagram looking south, in detail, beginning at the zenith, 
ii^oh ia now occupied by the oonatettatien Pima AnatiaUa^ we will follow at fixat like 
floazae ot the mwidian. In domg thia, we diaill poaa 'ttmmgh Gms, Toucana, l^vo, Hydma, 
and .AlgO Navia, beaides several small constellations. A star of the third magnitude 
near the zenith and the meridinn is Gamma Qruis ; that immediately below it is Alpha 
Oruis, while the star a little to tho Icit of Alpha is Beta, of the same oonstellation. Tho 
principal star in Toucana ia below Grus, slightly eaat of the maridiaB, and tiboae slightly 
waat of tho meridian are the piindpal otgeota in Pam The amaU atar, Sigma Ootantii^ 
jmnting out the poaitian of the aonlh pole^ u nudway between Pnvo and Argo Navis, the 
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Ittttor constellation being purtly above and partly below the south horizon. The principal 
tltuMf new ^ meiidiao. ywble at this time in Argo Navis, are Beta Arg&s, and eevioal 
oihen^ tbo nainee of wluoh can be idwitified hy lefenaoe to tbe ndez-niap. 

Wmt of tbe meridian, several very prominent stars are visible. Tim portion of the akj 
now includes, among others, tlic follmrinjr principal constellations: — Pavo. 111(1115;, Scorpio, 
Ara, Triangulum Australis, Cetit^iurua, and Crux Australis. The brightest cttar iu this 
direction of the heavens nearest the zenith is Alpha Pavonis. In a due westerly direction, 
at the riglit>haiid upper portion of the diagram, moit of the email etara bdong to Sagittariiu. 
Directly below these, a moderately-bright group consists of a portion of Scorpio, whose 
principal stars, Antures and Beta Scorpii, although not included within the limit of the 
(lisiirram, are still visible in the heavens, approaching the horizon in W.S.W. Near the 
bcurpio group, but a little lower, Ara is situated, its principal star. Alpha Ara;, being that 
nainit the gruup. Beta and Qratna Aim, of nearly the Hue magnitnde, ave tiw two 
itart -very near eaeh other. Beta bang the more northerly of the two. Below Ara, the 
tlirt-ci priiiL'ipal stars in Triangulum Australis are easily identified by their relative 
jiositions Thp south-west ('omer of tlie diugruni is occupied by several consp-i Tinns objocta 
in ContiiuruH and Lupufl, two adjoining constellations. Alp)in and Beta Centuun an? now 
the most easterly of the stars in Ceutaurus. The liouthcrn Cross is near the honzuu in 
S.SwW., emboeomed in the Milky Way, wbioh at thii time paaeea aoioee the wettem sky. 

East of the meridian, the prineipol eoneteUatione are PhomiK, Ghma, Eridaaaa, Hydmi, 
a OOnndonble part of Argo Navis, and the two Magellanic clouds. South of Gamma Gruis, 
near the zenith, Alpha Gtuis, of the second magnitude, in tlio first object to attract 
attention. Due east of Alpha Qruis is the second star of that coubtellatiou ; and still 
farther east, or to the left, is Alpha PhoBnicis, also of the second magnitude. Immediately 
below Alpha PhcBniois ia the brilliant Adrainar, the diief atar in Eridaniu ; and in the wme 
dtnotioD, near the horizon, the equally lustrous Canopus, the leading star in Argo Navii, 
ehinei above all others in that quarter of the sky. The Nubecula Minor, or smaller 
Magellanic cloud, may be noticed K<>two*'ii Aeliernar and Beta nrdri, but nearer to the 
latter star. The Nubecula Major is below Gamma Hydri in the direction of Canopus. 
The intertnediate email etara between Hydras and Eridanna belong to several email 
eonsteOntiotts. 

In the diagram looking north, the observer is suppoaed to be ut sea, in latitude 
34* Routli, with his face turned in the direction of tlie equator. Passing the eye 
dovv!! gradually iVom the /oTii'li to the north hori/on on thf' rn' ridian, .several Ktnrs in the 
fuiiowiug constellations may be identified. From I'iacis Austral is iu the zenith, wc puss 
over the eestem portion of Oaprioomus, Aquarius, Pegasus, and Cygnns. No veiy Inight 
atais are, however, near the meridian, esoepting perhape EpsQon Pegaei, whioh ia josfc 
midway bet ween the zenith and horizon. East of the zenith, end about twelve degrees 
from it, is Fomalhaut, a star of the first magnitude. Tn llic same direction, and near the 
right- httiid upper comer of tlie diagram, Beta Ceti and a few other stars iu Cetus may be 
distinguished. The north-eusteru portion of the sky is ohiefly occupied by Aquarius, 
119 



Digitized by Google 




UWKINO NORTH, AUOUBT U. {Sfintg y»rtk HmU.) 





frnmnlhautm 










M Af utwtc 






•i 

> 











j 

120 ~ ~~ ' 



Google 





LOORIKO aOVTH, AUOUBT It. {TmiU UtntmUmm, mmdtr lU SmU-*mM CUmd.) 



»Crmt 



Can»pu** 



a IhmmfiUi /tut 
•a 

fiC*ntaiiH» 



J- 



7 



INDU-MAP. 



Googl 



AUUL'Sr. 



regasu"?, PiscM, and AiidroiiuHlii. Pfpisus extends from Epsilon Pogasi on flic meridian 
OS far as (iamma Pegasi, the 80Utli-we«t«m corner of the sqimro of Peg;i.sus. 'i'hc position 
of this stellar quadrilateral is very easily recogniacti. The north-eastern stur iu the e»quare 
ii Alphent, tbe two to fbo rigbt of it being Dolt* and Beta Andronifldn reipeotiTely. 
The auSL stem ooataiaed in Pifloei are east and eonth-east of Pegaaos. 

West of the meridian north of the zenith, the principal constellations are CapiioonnM^ 
Aquila, Dclpliinus, Yulpt'cula, Lyra, Ophiuchus, and jwrtions of Sr-rptnis, Cyp'niis, Hercules, 
and Sagittarius. The mo»t proiiiiueut stars are the group of three iu Aquila, Vega, Alpha 
Cygni, Albiero, and Roa Alague, or Alpha Ophiochi. The lost mentioned is, however, just 
vithout the Unit of the diagnm. The two chief st»n in Oapnooznua, owing to thor 
great elevation, are sure to attract the eye. Their poiitian ia alwqra pointed out in the 
heavens by the three stars in Aquila. A line drawn throtigli thrsr three sfai-s leads in one 
direction nearly to Alpha and Beta Capriromi, while another drawn in the opjKiHite din^otion 
indicates the position of Vega and the other atam in Lyra. The small group consisting 
of the hugeat ataxa in Belphinva may he recognised between Aqnila and tiie meridira. 
Taken aa a whole, a ghuioe ahowa that the graeral aapect «f the midnight aky of the 
fioiithem hemisphere, both north and south of the zenith, ia muoh inferior in the months 
of July, August, and September, to that exhibited In the preceding and following months 
of the year. In August the brilliant stars in Argo Navis, Crux Australia, and Centaunis 
are in their most elevated positions during daylight, when they are invisible to the 
unaaaiited eye. In the early evening and manning honi^ theae oonateUatiima are^ howerer, 
Tery e om^ienow olgeete in the wmth-weat or eonth-eaat. 
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HE eastern portion of tlu- sky above tlio horizon at midnight in (he middle of 
1 NovemlM?r contains the ^'reatcr number of the most brilliant conatcllations, visible 
both in the northern and southern hemispheres. What a magnificent atellar 
Bpeotade is ^read out Won «a oliMmar who^ iKth his fitoe direoted tomrdi tiie eut» k 
ftt this monient located in any part of tlw Cap* of QooA Hope, Anitralia, Taflmania, or New 
Zealand 1 In South America ttko^ in the neighbourhoods of Buenos Ayrce, Monte Video, 
Snntinpo, and YalparaifiO, the same brillinnry of the pastern sky can be seen af the loc al 
mi<biight oi' each place. Before, however, entering iutt) our usual detailed explanation of 
the diagrama, let us for an instant give in imagination a passing glanoe at the different 
ooiutellatiana and etan of the first magnitude, whidi collectively make up thia vondeiM 
diapilay. Aa a stellar view it far excels that to be seen at the lame time in our eaatom 
northern sky, although many of the principal constellations are coniTnnn to the two 
hemispheres. From Ccntannis, near the horizon in the S.8.K., to Leo, near the horizon in 
the l^.iN.E., one continuous succession of splendid grouping of large stars may be noticed, 
without many mtennediate dark ipaoea. Flint, we have the two diief etara in the Centaur, 
then the popular Southern Grose, afterwards the extennve and prolifio constellation Argo 
N L ; these arc followed by our own Canis jllajor, Orion, Cania Minor. T u^rua, Gemini, 
Leo, and Auriga. Included within these, wc have at this moment exliibite<l to our view 
the following well-known stars of the first ma>^nitude : — Alpha and Beta (^entauri. Alpha 
Crucis, Oanopus, Siriuu, Kigel, Betelgeuiie, Aldebaran, Capella, Castor, PoUux, Procyon, 
and B^gulufl. To fJieae may be added many othen only one grade inferior in magnitude, 
and alio the moat hvilliant portion of the Milky Way, which is, however, Tery near the 
liorison in the S.S.E. The midni^t sky of December and January is quite equal, if not 
Buprrior, to that of N^nvember, as most of the principal atara we have just moitioned are in 
more cIcvutiKl positions in the two former mouths. 

The first diagram to which we will give our attention is that in which the reader is 
■oppoM od to be looking south over Boenoe Ayrea. Our friendi in Auatralia, or at the Cape 
of Gkiod Hope, must not, however, forget that OUT ezplanationa are intended as much for 
them as for tliose in the Argentine Republic, or on the northern and southem shores of the 
Uio de la Plata. In the zenith there are no stare of hirge magnitude, that apot being 
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occupied by n very iinprolific part of Eriflnnus. Tlioso on the mcriclmn are also %'ory 
inferior in magnitude. Gumma Ilydri, between the two Magellanic clouds, is the brightest 
stw near tbat imaginuiy line, until within a short distance of the horizon, where the 
nMridiaB paaae* through the amall oui^idlattoD Triangulnm Aiwtralis, dutingDiahed by 
three atodenitdy hright etan in the form of a triangle to the right of Alpha Ccntauri. If 
wo now take a survey of the south-western portion of the sky, or the right-hand side of the 
diagram, wo shall perceive a fair sprinkling of bright objects, although they are not 
contained in any remarkable groups. The three bright objects in the upper part of the 
diagram are Acheniar, the neaieat ef the three to the meridian. Alpha Ph«eiuci«» and 
Fomalhaut. Adieniar ie in the soathemmost part of Eridanua, a eonstellation of great 
extent, rc.iehing as far north as the celestial equator. Fomalhaut is easily distinguished 
in the lutitudr of Tiondon, but it never rises (Lerc more than about el^ibf (li gn'ejs hIhjvo the 
horizon. In hililudes fsonth of the cquiitor, this star is, bnwp\< r, u very jironiineut object. 
Below Fuimtllmut are the constellations Grus, Toucana, I'uvo, and Indus. The Greek 
lettcn, hj which Iheir principal stars can be identified, are inserted in the index-map. 
Kear the horiaon, aouth-weet of Triangulum Australis, is a part of Ara. 

Kast of the meridian, or the left-hand side of the diagram, emttains Columba Noachi, 
Doradus, Arpo Xavts, Crux Australis, and a small part of f'entaurns. The greater portion 
of Ceutauru-H is now below ilie horizon. Due east ut the zenith, the Hrst large star is Alpha 
ColombiB ; the important group to the left of Alpha Columbie is in the soathem partof Carna 
Major, wbose principal star, Sirius, is inserted in the upper diagram. The extensive group 
between Canis Major and Crux Australis forms the oonstdDatiom Afgo Ciino])us, 
ita principal star, is the nearest to the upper meridian. The most remarkable ohjcct, 
however, in Argo Navis is di.stinguished by the name of Eta Argus, near llie Soutliern 
Cross. It is not only a most extraordinary variable star, but it is situated in tlic centre of 
the g^eat nebula in Argo, with which it has been supposed to have some connection. We 
shall refor more in detail to these two objects in a subeequent chapter. The two nebulous 
Magellanic clouds arc now in their most favourable positions, the larger being slightly cost 
of the meridian, and the smaller about the same distrtnee on the opposite side of the 
meridian. The brighter part of the Milky Way, mar tlie Southern Cross, is not very 
favourably situated, although it may be recognised without nmcli difficulty when the sky 
is very dear. As very many small southern ciMistdlattons contain no Imght star, it u 
useless to point out their positions in the diagram, or even to give their names in this 
place. 

Til the diagram, in whieh tlie o^s^*rver is supposed to be looking north over 
Monte Video, we can recognise at sight nearly all tho winter stars of the northern 
hemisphere, with this important dilfercnce, that they are all seen iu the reverse positnm to 
what wo are accustomed to observe them in England. Let us now briefly ghinoe at the 
principal stars and constellations, tsking the right-hand side of the diagram lirst. The 
two brirrht objects in the upper part are Sirius and Beta Canis Majoris. Orion is so 
prominent that it is soarcely necessary to indicate its position, except perhaps to remark 
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that the left-hand uppor star of tlio quadrilateral is Rigel, and that the rij^ht-hanfl lower 
star is Eetelgeuse. Procyon, in Cams Minor, is at the extreme limit of the diagram. 
l^nruB and Gemini are below Orion; and hdxnr Tkmnu, a part of Auriga ia «bov» tlie 
lioriaon« with ito two prifidpal atan, Oapella and Bet* Anrigaow Low down in ihe ea«t Leo 
has jtut nwil> and Wiveral of its Ktars, including those in the Sit.-kle, cun be seen in the 
■heavens; Imt they are outside the limit of flio (li;i<Tr:iin. Tlo riiiudi'S anrl a few ordinary 
etaiH in Ei idanus and Perseus are now on the meridian. On the left side of the meridian, 
Celu8, A.-ic^, Aiidromcda, and Pegasus are the vltief constellations. Although several 
importaat atan are now in the north-wcatom d^, jet the general aspect of thia 
division of the heaTOia looka quiet in oomporaoai with the hriUianey of that eewt of the 
meridian. 
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•■ f K- t!n' K.irtl]"s . rl.it «ft; the variniH si;,ni!i 

Mark wliei.! the .'^iiii, our year ri>mjili-liiig, sliiiii-^ ; 
First tlif Nriglit Riiiii lii.o lun>(iiid my itnprovoit ; 
N«Kt glaring vat'ty tbniagfa the Bull be mov« ( 
Tha loving Twfjia Minit Vu garni ny; 
Now burning throu^li the I'rab he t«kt'« his my * 
Tho Lioii tlainiug bears the aolar |iowfr ; 
The Virion faiiito beneath the sultry shower ; 
Now the Jiut BaUnce weighs his «<iiuil fotce, 
The riimy Seipcat cirelten in its coon* ; 
The fnbleil Areher clouiU hin laiigiii<l fm'e ; 
The (joiit, with tcnipi'Jit-t, urges an hi* rufc ; 
Now ill tlie water lii» faitit Ijeuniii apjienr, 
And tha cold Fiahes and tha circling year." 

CUATTEKTUK. 



THE SIGNS OF THE ZODIAC. 



|H^BlIK onlor of the signs of tho zodiac in the heavens 13 ;is follows: — Aries, Taunin, 
l^jBgl Gemiui, Caacer, Leo, Virgo, Libra, Scorpio, Sagittarius, Capricomus, Aquarius, 
ttod PiMH. Hie ndiao at a broad zone of tlie heaTens within the area of which 
•11 the apparent motifina of the Bun, Moon* and major ^bneta, are included. The breadth 
of this zone Is about eerentccn degrees, or between eight and nine d^recs on each side of 
the ecliptic, or the apparent path of the Sun in the heavens. The ecliptic is inclined to 
the equinoctial at an angle of Ii3' 28' ; they consequently intersect each other twice during 
the year, first at tho vernal equinox, and, secondly, at the autumnal equinox. The length 
of the aodiao ia 360^, which was dirided by the ancienta into twelTe equal portbni» or 
■igns, of thirty degrees, each ngn icoeinng a fymbolio namot by which it is diatinguished 
to this (lay. Certain influcncps on mankind, either for good or evil, were attributed, from 
a very early ago, to the separate signs, depending upon the position of the Sun in the 
ecliptic. This eupoMtitious belief has even continued to some extent down to modern 
timea. Li addition to the twelve aodiaeal signs, the Tiaible heavens were divided by the 
ancients into thiHy-ds other asteriinia, all of which exist at prcaant under the original 
nomenclature. They are all adopted by Ftdleiny in his A Imaged, which include a 
catitlogaic of stars depending in a great measure <m the observations of Hippatchus» the 
father of observational astrouoroy. 

ABIES. 

Ariest the Bam, is the first in order in the aodiao of Htppardios» and is ctmsequently 

one of tho forty-eight ancient constellations. It has the small osterisms of Triangulum and 
Musca Borealis on tho north, Taurus on tho east, Cctus on the south, and PiHt-cs on the 
west. The position of Aries in the heavens can be easily found, it contains several 
average*sind stars, two of which are of die second magnitude, named Alpha and Beta 
Arietta. These are both situated in the head of the Bam, nearly niidwiqr between Alpherat 
in the !>quarc of P^asQS and the I^^des. Aries, and the neighbouring small constella« 
tion Triangulum, contain several donblc and triple stars of a very Interesting^ ehnractor. 
Although this constellation is flie tirstt, or leading sign, in the ancient zodiac, yet by 
reason of tho retrograde motiuii of the equinoctial points, termed the procession of the 
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equinoxes, tlio Sun, which fnrmrrly end-rod Ariofl on the 20th of March, reaches that puirit 
iiincli later in tin- year. Owin;,' 1o this, the point of the heavens intersected by the 
celestiui txjualor and ecUpiic, technically still culk-ti " the first point of Aries," is rcully far 
udTonced into Viaoes, vUnA is strictly the first mgn in ika aodiaA of tiie present ftg«. 
Howerer, for the mke of unifonmty, it is not likely that astronomen would wish to alter 
the name of the zero-point from which all right ascensions are measured, or to disturb tho 
order of the zodittcal signs, as settled by the ancients, notwithstanding that Pisoee is the 
habitation of the >Sun at tLu beginning of his annual course. 

In Ptoleiiiy's Mtaloguc, which includeB the stan obaerved hy Hipparobas, eighteen 
•tne m Aries are ineertad. The alias of Bode ocmtaiiiB one hundred and forty^ght-, 
indnding those visible through a smuU telescope. Viewed with some of the large and 
space- penetrating infitruments of the present time, this namber may be increased to 
thouaands. The same remark applioa to each constclktion. 

TAURUS. 

Taurus, tho Boll, the second of the sodiacal signs, is bounded by Perseus and Auriga 
on the north, Gemini on tho east, Orion and Eridanus on the south, and Aries on the wt^t. 
It is composed of a great number of stars, no fewer than four hundred being contained in 
the atlas of Bode ; the majority are, however, of small magnitude, visible only by the aid 
of an ordinary MtRmoDueal teksoope. Aldebaxaa is the prindpal star, sitnated in the 
midst of a group of smaller objocta caUsd the Hyades. 

A well-known cluster, and perhaps the most popular group of stars in any part of the 
sky, is that known by the name of (he Pleiades, situated in the shoulder of Taurus. This 
cluster has been mentioned in poetry as far back as Ueeiod, who oUudea to them as the 
Seven Tirgina. In the anoient manuaoript of CSosro's Atatv*, prssenwd in the British 
Ifuseum, the stars are named Merope, Aloyone, Ce1ieno» ELactra, Maia, Aaterope, and 
Tkygeta. Though they have been named the ** seTcn stars," yet to ordinary eyes six only 
ore \nsiblo. On brilliunt moouless nights, however, not only have the ancient seven been 
perceived, but several more. An obtierver, the discoverer of the new star of IGUl, sjaw 
occasionally fourteen without any glasses, a feat whidi has not been repeated by any other 
person. A member of the fiunily of the present Astramomer Boysl has habitually seen 
seven stars, and on very rare oCGaskms» when the sky has been imusoally clear, twelve have 
been distinguished. On February loth, 1863, a map of the stars was drawn as viewed by 
the unarmed eye, without knowing at the time the actual relative positions of the different 
stars. On comparing this map with one constructed from the telescopic measures of 
M. Bessel, thwe was no difficulty in identifying the twelve atare as amongst those which 
Bessel had juuned bj oertain orbitroiy numbers. A tolerably good telescope will odiibit 
nbonl a hundred stars in the Pleiades. 

A very strong interest in this remarkable group has been excited in many minds by 

the scriptural mention of them in tlie book of Job, conjointly with a few other stars, 

while tho patriarch is being convinced of his ignorance and imbecility— 
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" Cantt tboB bind the nreet influences of PleUdn^ or Ioom tb« iMndt at Orioat 
Cmiat Otm Mng fturtli Huarodi In Ui MMonf or mm! thou gnid* AMtniw wiA Ut Mmt 
Xnomat tlron dm ohBmiiw of bwraif nut thmi hA tlw donlnion tbeicof in tbe eufh !" 

The remarks of Admiral Smyth on those words will, we arc sure, be mtenstuig 
" Now tius aplefiidid paasage, I am awurod, is mora canecQj rendered thiu: — 

•Cntist thou shut iiji tlir di liu'lilf';! tu rnings of Chlaudlt 
Or tbu coiitrnctious ot' Chesii canst thnii »pca t 
Canst thou draw forth Mozzamth in his s««MiBt 
Or Aiilk and his una onnak thon gnido t' 

In this very early (1« .scription of the cardinal constellations, Chimah denotes Taurus, with 
the Plriafles; Clicsil ia Scorpio; Mazzarofh is Sirius, in the 'chambers of the south;' and 
Aish the Greater Bear, the Hebrew word sigutfying a bier, which was shaped by the four 
wdl'Imowii briglit eten, while the three forming the tail were considered as the dbfldien 
attending a ftmetaL St. Angnsttn, in bis annotations on. the %})vn passage^ asnirea ua 
tiiat, under the Pleiades and Orion, Ood comprehends all the rest of the stan, by a figun 
nf ppcroli, putting a part for the -wholo ; and (lu' arpmncnt is that (lie nil-powerful Deity 
regulaUs tlio st^nsori!;, and no mortal can intermeddlo with them or presume to scan the 
ordinancuti of heaven," 

GEMINI. 

The constellation Oemini, lha Twin*, ia the thivd memher of the lodiao, haTing 
Taurus on the west, and Cancer on the east. Its principal stars may be identified in the 
heavens about midway between Orion and Ursa Major. On most j^lobes find celestial 
roap«, the Twins are generally represented as two youths, or children, the idea of which 
first wiginated with the ancient Oreeks, The Orientals, however, occasionally adopted 
two kids, and the Arabisaa two pea c octs. To the working astronomer, however, tiiesa 
imaginary forms go for nothing: he only sees in Gemini numerous interesting objects, 
inrludinfj fovcral double stars, clusters, and iicbnl;r, wifh two splendid stars. Castor and 
I'dllux. ( astor in one of the most iiitcnstinf^ double stars in the heavens. It will bo 
rt-uiomborcd that the ship which conveyed St, Paul from Melitu to I'uteoli waa named 
after these stars^ hy whieh it ap^eara prabaUe tiiat they were cstenmed hj marin«rs ia 
that age as prointioaa. 

Castor, which is the more nortikSlty of the (wo, consists of two white stars of nearly 
equal magriitudo, belonging to a common system. It is what is termed a binary star. 
When Sir William Ucrschel observed it in 1778 the position angle was 302 degrees, and 
when it waa obserred in 1821 by Sir John Henchel and Sir Jamea South, the position of 
the secondary star had changed ita quadrant to an angle of 267 degrees. On examining 
the observations made by Dr. Bradley and other astronomers of the last centur^s and 
oomparinp^ (hrm with thtme of more rwcnt obsnr^-ors, the jM riod of tlic orbit of Castor, or 
the time oicupiwl in the revolution of one star around the other, has been found to be a 
liu!e leas than a thousand years. With a telescope of moderate power the duplicity of 
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C^istor can bo eaiiily seen ; to ik« naked eye, however, it «hiiiM u one bright star. Puliux, 
the brother of Castor, is a star vith an orange tinge, and is between the first and aeoond 

magnitudes. It has been su^ected \<> L i vc been variable in its lustre at different epodia: 
for example, Ptolemy, Tyi'ho, and otli< i> hnvo f lrc*«tfii d It tunong those of the second 
mag^itiulr ; fsomp linve rocfirdcd it of the lliiid ; ^ liilr Biiullcy sjioiiks of it m of the 
&rHi. Probably tiieso vaiiutiMns are only ditlerent methods of estimation. Castor and 
FoUux, with the other princ ipal atan in Gemini, are Tery conapicnou^ aa they shine in a 
district of the heaTens free from other bright objects ; the greater number of the stars in 
the neighbouring constellations, Cancer and Ljnx, not exoeeding the fourth magnitudew 

CANCER. 

Hiough Cancer, the Crab, is one of the most insignificant of the signs of the aodiac, 
with respeet to bright stars, nevertheleBs it contains several very interestittg objects, visible 
only through good telescopes. Araonj? thrse is X<'tu Caneri, a fine triple star near the hind 
claws of iLi Crab. Two of the stars are vory close, and afford an excellent test of the 
jKJwer and guodncss of the object-glass of an astrouotm<;al telescope, as these stars require 
one of the best quality to separate them. The third atar la at no great distance from the 
other two. It has been found that the two dose stars revolve around each other in about 
sixty years, while the outer one takes five hundred yean to perform its revolution around 
the oflu rs. It is thus evident that these ohji-cts arc not simply in juxtaposition optically, 
but that tln v Ixlonf^ to onr system. A small nehuloii*- looking objoct in the Crab's Inxly, 
visible to the nak(«d eye on very brilliant nights, is known by the name of the Pncsepe, or 
the Beehive. This remaricable iduster, when viewed through a telescope of low power, is 
resolved into an aggr^tion of small stars. It has been specially noticed by the ancient^, 
particularly by the Qreek philosophers TheoplmiHtus and Aratus, who have t(»ld us "that 
its dimness mid difin]>ponranco duriTi^ tlio ]iiop^rrv>ive condeiiHafion of the atmosphere were 
rcfrJirdcd as the tirsl sign of approacliiug rain. " It was formerlj- supposed that thif* f»roup 
cousistetl only of three nebulous stars, which emitted that peculiar light alluded to by old 
philosophers. The Pmsepe is, however, rather scanty of stars if we compare it with many 
other duaton; but soon after the invention of the telescope Galileo counted thirty-six 
small stars in t], group. Cancer contains several good double stars, which are always 
intercstinp; tibji c ts to ihv n<^tronomcr, though, from their small magnitude some of then 
are scarcely vihibk' to the naked eye. 

The Sun enters Cancer on June ISlst ; this constelktion is consequently the first of the 
aummer eigne of the lodiac. The Sun at that time is at ite greatest north declinaUon, the 
north pole of the Earth being tumc<I towards it at its gmitest inclination ; we have 
therefore the longest day in tlu' imrthcrn hemisphere. In all countries south of the 
rqnntor, how* vr r, the shortest day hike place at this time, the south pole of the Earth 
being turned away from the isun at midsummer. 
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LEO. 

Leo, the Lion, tha fifth sign in the order of the zodiac, is oiio of tlio priucipal conslella- 
tMMis wbich adcwn tlie nddnight gky of spring. It i« bounded, generally, on the north hy 
Leo Mtaory on the wset by Omoer, on tbe loath by Sextons, and on the east by Tirgo. 
The principal «tar, Reguhis, is also designated Cor Lconis, or the Lion's Heart. Thiti Rtar 
waa ronsitleml hy t\w :incieut8 m truly royal. I5y tlic Arahs it was denominated a " fiery 
trigoii," or linn's hotirt, as well a» a kingly star. Wyllyain Salyshury, writing in 1552, 
tells ua that " tiio Lyon's herto La cuUcd of some men the Buyall !^turr@, for they that are 
borne under it are tbioiight to hftve • nyall nativitie/' This royal star is very praminent 
m the apring diagranw, by the hd.p of whioh there can be but little difficulty in finding it 
in the heavens. 

Regiihis, Gamma Loonis, and a lew other stars of smaller magnitude, make a group 
who^e firm f^ivcs a vorj' fair ropresuntutiua of a Sickle. It is from a point noar these stara 
tliut u gri-ut laujority of the metoors ohservod during the memorable stur-shuwers uf 
November, 1866, 1867, and 1868, wete found to ndiate. 

The Sickle is not the only attractive group of stars in Leo. Dendxila, in the 
extremity of the Lion's tail, and Delta Leonis, form, with Regulus and Gumma Leouis, 
a large trapezium. A mere glance in the direction of Leo cannot fail to identify each of 
these stars; but, if not, then this trapezium can be readily found by reference to the 
nniverHilly knovn pomtam in the Qteat Bear, which mm to indicate the position of 
Polaru in one direction, aa we have befoie remaTked, while the same line produeed in 
the oj>iKisito direction will pai« through Leo. ThtTi' are a great number of intertsting 
telescopic objects in this constellation, visible with the aid of ordinary telescopes, especially 
dnnblr and variable stars. One of the latter, R Lconis, is remarkable for its blood-red 
appearance, which is very striking to the eye when viewed for the first time through a 
good telesoope. 

Leo eontaina about a hundnd stars visible to the rniaaaiated eya 

VIRGO. 

Tlie constellation Virgo, the Virgin, whiuh occupies a considerable portion of the sky 
west of the meridian at midnight in April, and east of the meridian in the earlier hours of 
the evening in that month, is the sixth sign of the lodiao. It waa pcpiJarly oonaidend in 
former timea as the sign bekmging to &e harvest season, beceuse when the Son entera it 
the cereal eiops are ripe for the sickle. In most representations of Virgo, therefore, she 
np]>f'arfi sometimes ns rcrcs, and .somptimps as an^ anpfl, with ears of corn in lier hand, 
deimod in the heaven.s by the position of the brl|,'ht star Sj)ica. On this .•subject, Admiral 
Smyth has remarked that " we ai-e told that among the Orientals she was represented as a 
swilmmt damael, with an ear of eoim in her hand, like a gleaner of the fields ; but the 
Greeka, Bomsns, and modems h«ve ccmcnrred in depicting her aa « winged angel, holding 
wheat ears, typical of the harvest, which came on in the time of the Greeks as the Sun 
approached Spica. She ibrma a ooospienoiia and extensive aatarism, replete with astro- 
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TioTni'cfil interest." Yirgo is 1>ouTi{lecl on tlic cast by Tjibrn, on the west by Leo, on the 
north by Bootes and Coma Berenices, and on the south by Corvus, Crater, and Hydra. 
The number of stars in Virgo, contained iu Ptolemy's catalogue, is thirty-two, but 
Flamstftftd liu rwoided «ne hundiod and ten, and in Bode'a Cokalsul AiIm four hundred . 
and elewn are inserted. 

The most brilliant star in Virgo is Spica, which forma, as we have proviously 
mentioned, alnu)sl an eqiiilaternl triangle with Dmu-bola in tlio tail of L«) and Arcturus 
in Bootes. Spica may also be found by drawing a straight line from Beta Boot is through 
AxctvontBt but it nay alao lie readil/ distbguiahed by ita iaolatad appeaimaoe. Among 
other atar refennoaa a long line drawn ftom DaUie, in Una Major, throai^ Ganma in the 
same constellation, will reach Spica. Or a line from Polaria, thvoogh Htnr, the star in 
the middle of the tail of the Great Hear, will also pass through Spica. The follovring 
lincB will popularly guide the observer to tlie petitions of several bright stars above the 
horizon at midnight during the spring months : — 

*' From the i'oie Mar throngh Mizar glide 

With long nnd rapid flight, 
DeiNiid, aaA m» ths Viigjii's ipike 

DllfilM itt Tenutl light 
And Diailc ^1'>rious fornis UK msils 

By tlitt gold barvt-iit'ii earn, 
With SMiab mat, Ai«t«Ti» ooith, 

A trlMj^ sppMiii 
While to the east « larger still, 

Th' (>)is rviiiit < Vi- will start, 
From Virgo's spike to Q«mnia bright. 

And Ihanes to flewplo'a htart." 

The principal remaining stars in Virgo can he easily idcntitied between Spica and 
DenebdlB. They are^ however, generally known only by a Greek letter attadbed to the 
name of tbe oooataUatioa. Tbo flrat of thaae atara fixmi Spwa ia <3aninia Yirgioia, fbe t 
nearer the zenith are Delta and EpaUoD, and tiie two waet of Oanuna are Eta and 

The last &t«r is below Denebola. 

By far the most interesting object io astronomers in Virgo is acknowledged to be that 
extraordinary binary system known as Qamma Virginis. Its position can be identified in 
the heavena Stim. the preceding explanation. Thia cJaaa of atan, aboTO all otheni, ezhibita 
to na the proof of tbe law of gravitation being aa applioable in remote xegiooa of the 
universe as in the comparatively smaller interval of space occupied by the members of onr 
own solar sj'stcm. It will not be out of place to remark here that double staT« are very 
common in all directions of the heavens, that there is scarcely a con»tella<ion in which 
aereral are not to be found, and that the nmnber of Iheae objects catalogued by different 
obaervera amoonta to eeroral thonaaada. But ordmaiy douUe etara nmat not be eonfoiuided 
with those which have been proved by ol ^iervation to belong to a common system, f»r many 
of the former are known to bp only optieally doxible. For oxample, two Htars appearing 
to the naked eye as one object, but through a telescope as two, may be separated &om each 
IW 



Digitized by Google 



VIRGO. 



other by a distance aa great aa between any two stars in the heavens, though by accident 
they are viewed from the Earth in the aaine lino of direction. These appannitly double 
stars are consequently always observed in the same relative order, so that their telescopic 
measures of distance and angular position remain for ages without sensible alteration. But 
in the double stars known to be physically connected — hence their name of binary stars — 
these measures of distance and angular position are always changing more or less, and 
when obser\'ations arc made at diU'crent epochs, the movements of the stars with respect to 
each other are very evident indeed. Sir John Ilerschel remarks that " we have the same 
e>adence of their rotations about each other that we have of those of Uranus and Neptimo 
about the Sun ; and the correspondence between their calculated and observed places in 
such very elongated ellipses, must be admitted to carry with it proof of the prevalence of 
the Newtonian law of gravity in their systems, of the very same nature and cogency as 
that of the calcxUated and observed places of comets round the central body of our own." 

As an example of a binary star, wo could not select a more appropriate one for our 
purpose than Gamma Virginia, because it is one which has received constant attention since 
the beginning of the eighteenth centur}'. When Mayer observed it in 1756, the distance 
between the two stars was found to be six and a half seconds of arc. Sir William Herschel, 
in 1780, observed this space to be one second smaller. From recorded observations since 
that time, the stars have been seen to approach each other gradually, till at length, in 
1836, they were so close that the highest magnifying power, applied to the most celebrated 
telescopes, was unable to separate the two components. After this the star gnidually 
opened, and in 1837 was again seen double when viewed through a good telescope. In 
1840 the distance between the components was observed by the Kev. W. R. Dawe^, who 
found it nearly a second and a half; in 1852, from observations made at the Rnyal 
Observatory, this distance had increased to upwards of three seconds; and from some 
excellent measures made by the Rev. R. Main, at Oxford, in 1864, the space between the 
two stars was equal to four Bc<^onds and a quarter. At the present time it slightly exceeds 
this quantity. In all probability in a few years hence the relative appearance of the stars 
in Gamma Virginia will be similar to that first rcconlcd by Bradley in 1718, since which 
time one complete revolution will then have been made. This period, computed from the 
observations, is about 180 years. In the small diagram of Guunnu Virginia we have given 
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a selected number of (hf> telescopic nppofirtinrrs of this beautiful star, wbich will possibly 
give n better idea of the relative movements ot the cumpuueut« tbau by any further detailed 
descriptiun. 

LIBIIA. 

Libra, the Balance, is thefirf*t lutlumnal st<:fn, and (ho smoiifh in order of the twelve 
signs of the zodiac. This coostciiutiuu i» bounded on the east by Scorpio, uu liiu jjouth by 
Centaurus and Lupus, <m fbe west by Virgo, Aod on the north principally by Serpens. 
Aooordittg to Ptolony, it oontainfld only sevemteen stars Tisible to the naked eye; but in 
the athis of Bode, 180 ar<» inserted. The jwsition of the two ftoales U pointed out by the two 
principal stars, Ali)h!i inid Beta, the former beiu*» exactly midway l>rtwern Spicii and 
Antare"?. Alpha Libra is uf the lliird mngnitiide, and uf a pale yellow eolour, ])receded by 
a star of the sixth magnitude. Beta Libnc, a pale emerald-coloure<I slur, is oi the second 
magnitude, litiiated a ahott diataaoo to the north-eaat of ^Upha. The Balanoe iraa 
oonsidered of old to typify the equali^ of the autaninal daya and nights, as wdl aa the 
general iinifot raity of temperature at that ssaaon of the year. The sign of Libra has been 
the subjtH'f of a difTereiice of opinion nmon«» tislrologrTfi, Bome of whom hnvr plncfnl it 
among their lucky signs, while othens have clo.Hiss'd it, owing to it.s proximity to fx*orj»io, 
among those least beneficial to human interests. .^Vn illustration of the latter has been 
gathered from an old illiinunated ahnanack bearing the date of 1386, in which it is calmly 
stated that " whoso es bom in yat syne sal ho an illc doar and a traytor." Ulna cmtains 
SBTeral interesting double and triple stars, and two cliis-tcrt^. One of the clusters, No. 5, 
Messier Librne, is a beautiful object over the henm of the Balance. Through telescopes 
fitted with a low magnifying power, this superb cluster has the appearance of a round 
nebala. Whsm Meaner ebserTed it first in 1764, he desorihed it as such, adding the 
rentaxk, I am oertain that it eontaina no star." But when Sir William Hersefael, in 
May, 1791, diroeted his preat forty-foot reflecting telescope to it, he fennd it resolved into 
sepnmfp stnrs, of which lie counted no I'ewei' than 200. At flie !<aiito time, the central moss 
was 8() coinpre.ssed, that he wm not able to resolve that part of the duster, so as to 
diiitinguish the diti'ei-eut components. 

SCOBPIO. 

Scorpio, the Scoipioo, IS the eighth sign in order of the zodiac. Of its reputed origin 

we have b<H'n informed by the anrirnt poef.s of (< recce, lhat the Scorj>ion wns sent by 
Diana to de>;troy Orion for interfering with the duties of her office. Ovid, however, tells 
us "that this tk*orpion was produce<l by tlio lunth, to punish Orion's vanity for having 
boasted that there was not on the terraqueous globe any animal which he ootdd not 
conquer. The automnal aaaaoa of the year has also been fitly represented by the 
Scorpion ; for whereas the former produces in abundance all kinds of fruits which are 
frefjuently the parent*! of many disenip'<, so the latter, o« he reee<Ies on hi^ path, is supposed 
to inflict all manner of wounds with his tail. Scorpio is bounded ou the cast by Sagitta- 
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rius, on iha sntith by Lupus, Norma, and Ara, on tlic wrst by Libra, and on the north by 
Ophiuchijs and Sprjxns. Antares, cuUcmI also Cor Scorpii (the heart of the ecorpion), ig 
the chief star in this cooBtelktion, and is a small first-magnitude star, preceded by a rery 
oloM copuwm'oia of a Unuib colour. AnfaNo tbiiiM with a daep red Uglity and may Im 
fbnncl rndfly ly drawing a lino from Vega, throngii Ba* Alaguo. 

"Tlirough Rm Alaguc, Vega's Ix-anis direct th' iiii|ulring eyn, 
Whcro Scorpio'* hv«rt, Antarea, dwks the southern wiraiui-r uky." 

Antaros, with Aldobaran in Tnnnis, T?orrTiliis in Leo, inid l'nmalh;iut in PIscis 
A^stralis, wore looked upon by tlu> ancient iVi^iaiis as the jynardiiin Htars of flio heavens, 
dividing the celestial sphere into fuur equal parts. When Aldeburan was in the vernal 
eqiiiiMii:> and Ao gnaidfan at the eaatom Ay, Antaies wat in the autumnal «qiiiB0S, with 
a like charge of tho weetem liky, Bt^inlus heing near the nunmer, and Fonudhaut tho 
winter BOleticc, these two star* overlooked the northern and southern portions of the 
heavpns respectively. At the present dnte, fbest' four stars no Inngrr hold these prominent 
ofliees, as the equinoxes and solstices are now iu very different purls ol' the heavens, on 
aooonnt of their retrogression, produced by what is technically called " the precession of 
the equinoxes." 

SooTpb is not a large, hat it is a very brilliant constellation, especially when viewed 
from jiluces south of the equator. Besides Antares, it contains Beta Scorpii, or Iklil, a 
star ui' (he second magnitude, with an interesting close companion of the sixth mag^nttude>. 
Scorpio also includes a great number of stars from the third to the titth magnitudes. This 
genraal brinianojwaB oertun to attmct tiw attention of the astrologers and soothsayen 
of the early and middle ages. On this subject, tho late Admiral Smyth remailcs, in 
his Cekudiil C'/'^', that Scorpio was always bxfkcd at as a gronp of stars portending 
universal tvil. He says "S<()rpio aflracted much notice from the corps of astrolop^rs, 
witli wlioni it was the 'accursed constellation,' and the baleful source of war and discoid ; 
for, besides its btiug accompanied by tempests when setting, it was of the watery triplicity, 
and the stinging s^-mbol of auttmnal diseases* as it winds along with its reoeding tail. But 
though stigmatised as * Uie ftlse sign* hy seen of every degree, the redouhtahlo Gadhniy, 
at whose birth it asomded, broke many a lance in its defence, and stoutly contended for 
its beneficial influences; and the ab liymista were well nsmirwl that the transmutation of 
iron into gold could only be performed when the Sun was in thut sign." 

SAGITTAMITS. 

Sagittarius, the Archer, is the thiid of tho southern signs, and the ninth in the order 
of the sodiac It can be leoognised by eight stars fbming two similar qnadiaaglee, one ttf 
which is in tho Milky Way. From thmr low altitude, however, they ean <nily be seen 
distinctly on very clear ntg^ta» when near the meridian. In the middle agea, when the 

influence of astrologers was so great, and when no important undertaking was commenced 
without a previous consultation with tho aspect of the stars, Sagittarius was generally 
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eonsidf rod a lurlcy sign. One of these old astrological doctors, by name Arcandum, who 
publiahcd a book in 1542, which was " ryght pWaauuto to rotde," has declared that a 
petBom bom andw tke sign Sagittarius, to 1m thrioe weddedf to be Twy fimd of 
vegetablea, to beoome a iiiatoU«88 tailor, and to have tbrea apeeial iUiimbm/' bat as tbe 
lait attack of sidmeM h to befall the patient at eighty years of age, it is not of paramoout 
moment. Some of our readers will probitbly quest ion the ralue of these peculiar ad\ untag^s 
so Mrefully ehronichfl by the old a.'<t mlni^cr. I'tnltnny's catalop;ue contains thirty-one 
Htars iu Sagiiturius, thut uf Flauuitefd Mixly-iiiue, aud the Atlaa of Bode three hundred 
and tburtj-nine. The locality of fiagittoriai in the heaveni can be diacovered by drawing 
a line firom Beneb through Altair, which when produead will paia through the centre of 
file oonsteUation. 



position, most uf its stars bciug, when at their highest point, only a lew degrees north of 



Capriconitts, the Goat, joins Sagittarius, and is the fourth of the southern aigna, and 
tenth in the order of the aodiae. It is bounded by Sagittarius on the weat, Aquih on the 
north, Aquarius on the north-west and west, and Piscis Australia and Microscopium on 

the south. Alpha and Beta Cnpricomi arc the two chief s( urn in this constellation, but 
they are rather below the third magnitude. They are situated near together, south of the 
three principal stara iu Aquila. Like Sagittarius, the old astrologers always looked with 
&vourable ^res on Cspricoraus as a lucky sign ; for ** whoso es borne in Capeom sehal be 
lyche and wel lufyd." On this subject, the late Admiral Smyth haa remarked that 
" although Capricornus is not a striking object, it has been the very pet of all con- 
stellations with astrologers, having been the fortunate sign under which Augtistus and 
Vespasian were bora, who thereby wore entitled to the tutelage of Vesta ; and this Sabican 
supwstition waa honoured by niodals, marbles, poems, and what not It was not only of 
happy influenoe in daaaie timea^ but was also mightily looked to by the Arabians, who 
termed Alpha and Beta the lucky stars of the slaughterer, and Gamma and Delu the 
fortunate stars bringing good tidings." The position of Capricornus can be dotennined by 
drawing a line from Vega to the horizon, through Altair, when it will pass between Alpha 
and Beta Cupricorui in the head uf the Goat. 



Aquarius, the Water-bearer, is not a cotispicuous constellation, having no stor greater 
than the third magnitude. It contains, however, its full arerage oi donhls ifian, olnitors. 




the lenith. 
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AQUARIUS. -riSCtS. 



and nebultc. Aquarius u the eleventli of the zodiacal signs, and ia situated soutli of 

Equuli'us and Pegnsiis, «>h1 of Capricomna and Aquila, north of Piwis Australia and 
Sculptor, and west of Pitkcca and Cetus. Aquarius waa another favourite sign with the 
old astrologers, who declared that its sturs posa o as od so much inflaenoe, virtue, and efficacy, 
diat seasons wen alheted by them '*m a vmiderfiil, strangfo, and seerei maimer; " 
audi aooording to as old manuscript almanack for the your 1'386, "it es gode to byg 
eastellia, and to wed, and to lat blode" when fho Sun is in this fign. The principal 
object in Aquarius is Alpha Aquarii, or SadolmcHk, the king'n lucky etar. A line drawn 
from Alpherat to Hiirkab, and then continued towards the aouth-weat, will paas near 
Alpha AquariL 

" From Scorpio, to where Aries sliiucs, you « atch no brilluiDt ray, 
nrmgh twice two intrrj«c«nt signs to murk yam tnckles* way; 
Y«k mold joa know wliers, ftam hit um, Aqnariu poun tli« •tnmi, 
Fram Mr Andranud* deaecnd, t/tr Uatkab'i MtttSHf batta. 

Or from T.riglit Vc^ri ciisl ymir j^litii' r-, ,in \ tliiovi^^i the Dolphin*! IIWiOC^ 
Then joiit as far again fon'il tind the Water-bearer's place." 

TTSCEB. 

FiBcea, the Fishcsj is the twelfth and last of the zodiacal signs, and that in which the 
Sun croasee Uie equator at tha -vanal aqviaoK. It k repiresented on celestial globes and 
nape as two fishes widely separated ftwn eaoh othar, with thdr tails joined together by a 
long xibbon or string. This constellation occupies a considerable spctce in the heatens, 

one of the fishc« being situated under the right arm of Andnimedn, and flie other under 
the wing of Pegasus. A go(xl giude to the position of the two fishes may be obtained by 
reference to the four stars in the square of Pegasus, a line drawn from Alpherat to Gamma 
Pe^si being panOd to the body of one fiahi while another line from Qamma Pegan to 
Ifarlcab is likewise paniUel to the other fish. PSsoea is bonnded by Andnxneda on 
the north, by Aries and Triangulum on the east, hy Getus on the south, and by Aquarius 
and Pegasus on the west. Alpha Piscitira, of the third and a half magnitude, is a close 
double star, and the largest in this constellation. The colours of the two comjionents of 
this beautiful object are a pale green and blue. About forty stars arc visible to the naked 
eye ia Pisoss, of whieh Ptolemy reoorded the approximate poeitbne of thirty-eight. 
Bode's Atias otrntains two hundred and fiAy-seven. In addition to Alpha Pisoimo, tiiere 
are several double stars included within the botudariee of Pi^r' <^ ; but although some of 
them are of an interesting charai tcr, there is nothing unusually remarkable in their 
appearance or history to require any special notice. 



in 
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" Tskp the fdiua. 
And mreh the ikiea. The oikuiiik xkitn pour down 
t'jMin your gaze thick showfru of i>|iarkliii){ fire; 
Kt«r«, rrowdctl, IhTOiigfJ, in rogiou* «o n'niot?, 
TluU their Hwifl bunns — the awiftrat thiiigK that b^^— 
U«v» travelled ceuturiM on their flight to Earth. 
Kuth, Son, and nntw e(mcl«lktl«iM t what 
Ars ye nniid this intinit^ extent 
And moltituda of Ciou'v nuwt iotinite work* I" 

Hkvry Waab. 



ANDROMEDA. 

NDROHEDA is situated in a favourablo position for obsorvation in the 
latitiids of Gmt Britain, wlwM that portion of tin ooarteUbtioa aouest 
the pole noTer seta* the renuunder being who above the horiaon during 

a considerable part of the yeur. In celestial mnps, tlic figure of Andromeda is 
placed near those nf lior fiithcr, mother, luid lover, Ccphous, Cussiopoia, and Perseus. 
She is genernlly repre[H.-ute<l in the bonds which, according' to tLe heathen mythology, 
she carried with her to llie »lan, Pogasiut tuid Lacerta are on the west of 
AndnHttcdS} Fifloes on llio touth, Cepheus on the noith-vn^ Gunopeia on the nordi, 
and Peneni and TriaBgnfaun on the eaat. There are two hundred and twenty-eix 
tH»Th in Andromeda inwrted in Bodo's Atlas, about thistf of which are contained in the 
most ancient catalogues. The principal star of this constcUafion is Alpherat, or Alpha 
Andrtimedai, the north-eastern star of the square of Pegasus. This object heads tho list of 
btanditrd stars iu the Nautical Almanac, whose accuitite right aaoHnidonB and dedinationa 
are given for ewty ten daya thxoughoat the year, to be naed for the deteimination ot the 
error of the clock, and for other delicate astronomical purposes. The aeoottd etar in magni« 
tude is Beta Androm«la\ or ^limch, formerly placed by the Arabian astronomers in the 
northern fish's head, from which it is now slightly removed, ^firach is of the second 
magnitude, and of a fine yellow colour. Delta AndiomedH) is about midway between 
the two ohief atars Alpherat and Ifitach. Tlie eituation of the latter ttar can be pointed 
out by drawing a line from Alpha Geti, or ICenkar, thxoagh the two bright atara in Arieo. 
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Or if we follow the clireeUoiMi of the poet, ita positicsi in the dcy will l»e Toy evident, 
bearing in mind that Alpberat u in the lody'a head| and that Markab is the eottth-weet 

etar in the aq^iuu-e of Pegasus. 

"From Msrkftb ran a line beneatb th' impruon'd Uiijr'a hod, 
And «v«r /Mis on h« buk to Minch 'tiiiil bs M.** 

GamsM Andromecle ia a beantifbl triple itar in lihe lady's ankle, and ia a very 
&Toarite object tote amateur obeervation. Iliis star was fint eeen double by 0. Mayer, in 
1778. The principal component is of the third magnitude, and of an orange- yellow colontt 
while the smnllrr oTir i*? bctwpeTi the flftli niul riT*}i Tmr^-nifudcf*, and of a bluish colour. 
In 1842, ^r. Struvc, of the I'ulknwa Observatory, aiiTiounced tliat, with hie hirge oquaforial, 
he found the smaller component actually to consist of two stars. This discovery has 
aince been Terified by other asfamnomera, ao that this otgeet ia now looked upon aa one 
of the aeveoreat testa of the «paoe>penetrating power of aa aetronoiBMBl taleaoope. It 
ret^dies, however, the U8e of a superior inatmnunt, with an objeet^^asa of lug^ apertozej 
to aeparate the smaller star into two. 

Andromeda contains about seventy stars visible without the aid of a telescope, 
inclading all down to the aeTenth magnitude. 

AQUILA AND AJmNOITS. 

In the midnight al^ of summer, Aquila, the Eagle, occuptea • yery prondneiit 
pontion. Thia oonalellatMa ii really compoeed of two, Aqnjla pn^er and Antinoua, but 
it has been found oaoYenient of late years to consider all the stars included in both as 
belonging to one a?tcnsm. In modem catalogues fhey arc known, therefore, only under 
the name of Aquila. Antinoua is situated directly south of Aquila proper, and includes 
most of the stars between Beta Aquilae and Sagittarius. The combined conatdlation is 
bounded chiefly hy Sagitia on the north, Delphinus and Aqnariua on tiie eaat, Sagittarius 
on the aoutb, and Ophiuchus on the west, lis position on summer nights, or autumn 
evenings, can be easily found by its three principal stars, Alplia, Beta, and Gamma 
Aquilpp, respectively named by the ancients Altair, AUhain, and Tarazed. These three 
stars have frequently been taken for the three gems in the belt of Oriuu, to which, 
howefer, they bear but n alight resemblance. Altair, a small first-magnitude and the 
oentnil one, ia of * pale yellow ooIout; Gamma, or Taraaed, the upper alar, ia of the third 
magnitude ; md Beta, or Alshuin, is about a half*magnitude smaller than Gamma. A line 
drawn (lironpU these «tars will point in a northerly dirertiVm nearly to Vega, and southerly 
to Alplia and Beta Cupricomi. Ptolemy includes in his Aimagi.il fifteen stars in Aquila. 
In the seventeenth century, UcvcUus recorded the positions of forty-two ; in the early part 
of the eighteenth eentury, Flamsteed iaoreaasd the number to asventy^e; while Bode in 
his Atlas, published at a much later date, baa inserted two hundred and aevnkty-aiz. 

The Milky Way passes through Aquila, where it cro«.sc.s the heavens in two distinct 
branches the three principdi stars being near the eastern edge of the eastern branch. 
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COKSTELLATIONS VOBTU OF TAB 20DIAC 
AUAIGA. 

Auriga, the Cbarioteer, one of the ancient astcrisms, is generally repnMntod OH 
celestial maps holding a goat and two kids in his left hand. By the Arabs lio Tras termed 
the Guardian of the Pleiadrs. Acoordinp* to llie ancient mythology, Auriga wus placed, 
after his death, among the stars, on account of hia inveutiou of chariots, and for his skill 
ia tlw nuuMgemeiit of hoTBea. The goat tnd the kids were supposed to have Iwsn giv«n a 
place in the heoTenB in honour of Axaalthasa, a daaghter of KeliMiw, king of Crete, who^ 
with her sister [Melissa, feA Jupiter with goata' millc during his infancy. It has also been 
supfrostod thiti Aurig-fi was n fcionlific rrpn»sriif,'ition of thf> fable handed down to us of 
Phaeton. Two small stars in the kids, Zeta und Eta Aurig«, named the Hanii, were 
regarded in days of yore as having an unfavouitible influence on the weather. Callimachus 
aaye in an epigram of the Anthologia — 

"Tnopt not tlw windi^ fiimrani'd of itagm afgli, 
Whea dn kids ^itUr in tin w«it«m Otj." 

GapeUa, the prineipal star in this constellation, is situated on the body of the goat» or 
rather on the left or we^teiTi shoulder of the Charioteer. At midnight in December it is 
only a few degrees from the zenitli, where it shines with great brilliancy. In summer, at 
midnight, it is a conspicuous object near the north meridian, at an altitude of about seven 
or ei^t degrees, and is consequently always aboro tiie horiaon of Great Bittain. Ckpelk 
ii alightlj ea«t of the UiUty Wa]r> and ooeopieo die aamnut of a triangle, the haae of 
which is formed hf uniting Alpha Cassiopeia! and Polaris. The nearest three small stare 
inserted in the diagram for December south-west of CaiK'Ilu mark the po-^ifion of the kids. 
Beta A^iri;ipe, the second star in this constellation, i.s on Auriga's right .slioidder, and when 
on the meridian, is about six degrees from the zenith. Auriga is bouuded on the north by 
CSamebpardalis, oo the east by Lynx and Qemhii, on the louth ly Tannu, and oa the weat 
Peneoa* Jb- the catalogueB of 1h.e andante, the poaitiona of ahout fourteen etata were 
registered. Hevelius, in the seventeenth century, included forty in his UranographiOf 
Fhnnstecd sixty-six in his IThforia C^'!r^tis\ while Bode, by collecting together a smaller 
class of stars, has inserted two hundred and thirty-nine in his atlas. The stars in this 
constellation are very eaaily found by alignment, especially as Capdia ia rach a brilliant 
isolated object. A long Une drawn eouthward, p«rp«idienbrly to the Uraa Major Pointen^ 
will lead to Auriga. But if we look in an upward direction from Orion, wo may 
profitably take the rhyner'e advioe, Nath being Beta Tauri on the tip of one of the horaa 
of laurue. 

"From Kiflsl tile, md lead a liiw thMagh fidhttiz's Uglit^ 
tViM Ntth, upon tli« Boll'i north horn, ind gsia Oapdla'i hsight— 

Vlirrr a largi- triiiiipli' ia fomi'd, {.s'is'^cIl's it sums, 

'Vihoi BeU is with Delu jtiia'd to lustrous Alpha's beaou." 
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BOOTES. 

BootM is one of the priucipal onutieDstiiDDi of the •wuuer evemog eky. It it 
bounded on the emi hy Ooeona Bomalii and Serpens, on the aouth hy Virgo, on the west 

by Cane.H Yonatioi and Coma Bmenioes, and on tho north by Draco. In tlie ancient cata- 
logue of Ptolemy, twcnfy-thrpp ptnrs wcru inrludt'd ;i.s belonging to this con^trlLitioii ; in 
the Hkloria Celestis of Flamsteed, observations of tifty-four have been recorded ; whilo, in 
the more modern celestial atla^ of Bode, throe hundred und nineteen ore inserted. 

«M of tbe most briUknt state in the northern hemisphere, is eitaated between 
the legs of Bootes. In ancient ttuee it me a noted star among mariners, who^ however, 
looked upon its infloenoss with suspicion. The squally weather which generally preceded 
the autumnal season was ascribed by the Greeks to tho power of Arcturus. It is related 
by Demosthenes " that a sum uf money was lent at Athens on a vessel going to the Crimea 
and bock, at the rate of 22 1 per cent., with the nnderstanding that unless the ship returned 
before the riskg of Arctariis, 30 per cent, was to be paid.'* 

Azcturus was the first star observed with a telesoope in daylight. This feat was 
announced in 1635 by a ^f. ^luriti. It appears, however, that littk- notice was taken of 
the occurrence till the year 1(>69, when the .Vbbi' Picard publislunl the result* of an obser- 
vation of Arcturus, made when the Sun was seventeen degrees above the horizon. This 
disooyery created a sensation among astrononur^ who were gleaning at this time quite a 
harrest anumg the stars by the nse of the teleaoope, lately invented. Owing, however, to 
the small object-glasses of the first telescopes, which were only toys compared with tho 
magnificent reflectors and refractors of modern days, the a«?tronomer of the seventeenth 
century was unable to see more than tlie principal celestial objects. Severol important 
discoveries were, however, made in that century, among which may be mentioned the four 
s^telUtss of Jupiter and five of those of. Saturn, together wittt the ring of the last-nsmed 
planet We have itOl fur e s e r red , on the walls of the Royal Obserratoiy, the transit 
instrument used by Dr. Halley at that place, with an object-glass no larger than that of 
many modem ship spy-glasses. If wo compare Dr ITalley's small object-glas's with one 
lately constructed for Mr. Kewall by Messrs. Cuoke, with a clear aperture of twenty-five 
inches, or with the aiz-fcot speeulnm in the reflecting telesoope of the Earl of Bosse, 
we shall not be surprised that the estronomers of the serenteaith eentury appcarsd some- 
what elated at Laving seen a star in broud daylight. This is now no uncommon 
occurrence. In tlic \\ inter days, the nutbor has fretpieTith* observed at noon-day, not only 
Hueli bright stars as Arctuinis, Vega, and other.*, l)ut occ usinnallv some as small ns the 
fourth and fifth magnitude; and on one occasion, when the utiuu^phere was more than 
usually pure, a star cf the sixth magnitude was observed within two hoars of noon. In 
short, Urom the begmning of November to the end of February, many of the fourth 
magnitude are observed on the meridian of Greenwich with the transit-oinde at the 
Iloyal Observatory. 

Bootes is figured generally as a robust man holding in uuc hand u club, spear, pastoral 

117 



Digitized by Google 



CONSTELLATIONS NORTH OF TUE ZODIAC. 



fitaff, or sickle ; for ot various ep«<'lm he has been represented with each of those 8}-mlH>li». 
The other hand is upraised towards CaneH Vonatici. "When Hevelius introduced the 
Greyhounds in hia Umnoyraphia, published in KiOO, they were attached to Bootes and 
placed near the hind legs of the Great licar. Bootes lias therefore been called the Beai - 
keeper, and also the driver of the waggon compascd of the seven chief stars in Ursa Major. 
Arcturua was for some time supposed to bo the nearest fixed star to the earth ; but there 
have been many others now found to be much nearer. There is, however, no doubt that it 
is less distant from us than the great bulk of the stars. Epsilun Boiitis, sometimes called 
Izar, is a double star, interesting for the di.sfinet and contrasting colours of its components ; 
the principal one being of the third magnitude and of a pale orange colour, while the 
companiou is of the seventh magnitude, and of a sea-green colour. This stor has been 
frequently seen double in the daylight, within two hours of noon, although the companiou 
is so small. It is not known at present whether the two sfar-s fonn a binary system ; if so, 
its period of revolution must extend over not less than a thousand years. Xi Boiitis is 
another interesting object of this class, the principal star being of the third and a half 
magnitude, and of an orange colour, and the secondary about the sixth or seventh 
magnitude, and of a purple tint. The contrast between the colours is verj' brilliant. 

The following diagram exhibits a selected list of double stare, as seen in an inverting 
astronomical telescope. Some of them are, probably, only optically double, their apparent 
juxtaposition being the result of the two stars bi'ing seen from the surface of the earth in 
the same line of direction, or, if they be binarj' systems, their time of revolution munt 
extend over a lengthened period. Castor, Kpsilou Ilydne, Gamma Leonis, and 61 
Cygni, have been proved to belong to the latter class of objects. Gamma Andromedaj is 
triple, the companiou being resolvable into two components when viewed through a good 
defining telescope, esix'cially when the star is at a high altitude about sunrise or sunset. 
The list of known binaries exceeds a hundred, without including several double stara 
suspected to belong to a common gravitational system. 




lKLtJM.'01'IC .MTKAIIAMK OF HOIIULC ttTAlt*. 
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tAMELOrAUDAUS.-CAXI-:S VESATICL 

CAMELOPARDALIS. 

GoiDidapaTdftliB is a modern coaatellatlon introduoed into tlie 1i«av«iis by HievflUiifl in 

the seventeenth century. It occupies a very cousiderable qwoe in ihe sky north of the 
zenith, between Auriga and Ursa ^Fnior, and ronfains a Inrpo nmnbor of Kiiiall sfarH, (jiily 
four of which are equal to thi' f't urth inaiinitudc. Caiiii lopai dalis lias Ursa Major and 
Lynx on the east, Perseuii aud Auriga oti the south, Perseua uiid Cutuiio^x;ia on the west, 
and Oepliea^ Dmoo, and Una Minor on the north. This constellation, oombtned vilh 
Lynx, gnm a very hare appearanoe to a large portion of the cirenmpdar nky between 
Polarn and Aurigia and Gemini. 

CANES VEXATICL 

Oanes Ycnntici, or the greyhoundi) Cham urn! A^^ferion, form a amall constclUition of 
comparatively recent origin, having bt'en introduLt d into the heiiveiiH by ITcvilius, in tho 
eeventeenth century. It is situated north of Coma Berenices, und occupies an empty 
Bpaoe between Bootes and the hind legs of Ursa Major. Excepting itti principal star Car 
Canli (Oharlea'a heart), there is no objeet worthy of special notice in this coneteUation. 
In moat oeilestial atlases or globes. Cor Garoli ia placed in the centre of a heart attabbed to 
a crown on the whouhlcrs of Chara. It is a beautiful double star, the larger component 
being white, and the smnlkr u pnk^ lilac colour. The folloiin'ng anecdote of tho oHirin of 
the name of the star is given by Admiral iimyth: *' But it came to pass that it w uh nanicd 
Cor Ganli by Halley, at the aoggeatioB of Sir C. Scarborough. The popular stor^', or 
lather tiie Tnlgar one, mns — ^how Soarborough, the court physieisn, gaaed npon a star the 
very evening before the return of King Charles ii. to London, the which, as in duty 
bound, appeared more visible and refulgent than heretofore ; so the said star, w hich 
Hevelius had already made the luridn of Chnra's collar, w as thereupon extra-constellated 
within a sort of valentine hgure of a heart, with a ruyul crown upon it ; and so the 
monarch, it would eeem by thia eztraetitm, nmained heardces." Cor Cliioli can be readily 
identified : a line drawn from Polaris thvongb the first star in the tail of Ursa Major will 
lead directly to it. If wc take ad\ aatage of the rhymester, we shall obtain other directions 
for finding not only Cor Caroli, but also the important group of Corona iSorealis. 

•* When vhtt aloft, HooUh wtk, 
brilliuicv iMhii ttie gw. 
And «B oacli ride ita Rlitt'riiig gnu* 

Tlic k|iaciouii un li ilii|'liiy« } 
Amurtia eu.st t« V«ga j in, 

Tlic Xortlicrti Crown y 1'; lyj 
Bnt wnt, to Oiw's uewrnl xUr, 

H« narlis On- OuuU." 

Cor Caroli also forms an equilateral trinnglo with Gamma Uran llajoris and 
Alkaid in the hip and tail of the Great Bear. 
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CASSIOPEIA. 

The name of Cassiopeia has been derived from the wife of Cepheus, and the mother of 
Andromeda. This constellation is one of the most attractive groups of stars visible in the 
sky of the northern hemisphere, and contains several stars of the second and third magni- 
tudes. It is always in direct opposition to Ursa Major, with respect to the Pole. For 
example, if Cassiopeia be at its greatest elevation, Ursu Major is near the horizon in tho 
north, and rice rersd. If the Great Bear be in the east, Cassiopeia is in the west, and so on 
throughout their diurnal revolution. It is not difficult, therefore, to find Cassiopeia ; for a 
line drawn from the middle of Charles's Wain, through Polaris, passes across the centre 
of the group. Cassiopeia is bounded by Cepheus, Perseus, Andromeda, and Camelopardalis, 
and when passing the meridian above tho Pole, it is directly overhead in all parts of the 
British Isles. Tho principal stars bear some resemblance to the letter Y with the vertical 
stem a little bent; or, by viewing it from another direction, to a badly-formed W; they 
have, however, frequently been called Cassiopeia's, or the lady's, chair, imagination having 
transformed these five or six stars into the form of an antique seat. 
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|-*J.HITIU.S UF THE TK^rOUAILY feTAIl UF 1D7'2. 



Cassiopeia is celebrated as being the spot where a very remarkable temporary star 
appeared in November, 1572. It suddenly burst forth with a briUiancy greater than any 
star around it, and was therefore noticed by several persons about the same time. Tycho 
Brahe was one of these fortunate observers. From his own account, we gather that he 
was returning from his laboratory, on the evening of November 11th, when he saw a group 
of peasants gazing at a brilliant object, which ho knew hud not existed in that shape an 
hour previously. It was at first supposed to be a comet, though it had no distinctive 
marks of being one, but twinkled like any ordinary fixed star. It increased rapidly in 
magnitude, till it surpassed Sirius and Jupiter in lustre, and was even observed at noon- 
day. This great brilliancy, however, continued only for a short time, when it gradually 
diminished. In March, 1574, it became invisible to the naked eye, and has not been 
observed since. A severe scrutiny of the neighbourhood in which this wonderful star 



Digitized by Google 



CA8SI0PKIA.-CEPHEUS.«^HA BEBENTCE& 



appeared has been marlo since the const ructinn of thci powerful astrouomu al instruments 
of modem days, but uo trace of it can be found. La Place, the celebrated French mathe- 
matician and astfonomer, was led lo iMlivro tint the ftwjuHit change of oolonr which was 
obwared m this ator, fint whit^ tben yellow, afterwwds Teddiaih, and filially a Uniik tint* 

showed that ibe Sudden Uaaag forth was probably caused by the action of fire. This 

hypothesis was not, bowprcr, j»rnorally boHi^od at (ho tiiiic. But since the sudden 
outburst of the star in Corona nnrealis, which is noticed in our deecription of that, 
constellation, many ustruuumers of the present day arc inclined to beliere that La Place's 
suggestion is not «o improbable as it first appeared. 

GEPHEUS. 

According to tbe anoieat^ tbe oanrteUstkii Oepbeas was pisced in the heavens in 
of a Idngof Etbiopia, or India, bnsband of Caaaioiwia, and fiiiker of Andxonieda. 

The old Ethiopic name of this ostcrism was Hyk, a king. Cephcus is bounded on the 

north by TJrBa Minor and CumuIoiJardaliy, on the west by Draco, on the east hy Cassiopeia, 

and on the south by Laccrta and Cygiius. Tlio .stars Alpha, Beta, and Gamma Cephf^i. 

form an arc, of which Beta Cassiopeia; is nearly the centre. The head of Cepheus is 

ntnated in tbe Milky Way, and can be identified in Hm August diagram, looking north, 

iMKr tbe senith, by three otais of the fourtb magnitude farming a smaE triangle. Hie 

diief objects in Oepbexis are Aldcramin in the right shoulder, BetOi Of Alphirk, in the 

waist, and Gamma, according to Ptolemy, in the left foot. Cepheus was one of the old 

forty-eight asterisms, and of consideruble note among the wandering shepherds of Arabia. 

It contains several choice and remarkable doable ataia, nebuhe^ and dusters, which have 

affiraded ample suhjeots fitr tbe aorutiniaing eyes of mtdm astronomere. TIm positidn of 

Oepheus and its principal stars can be clearly recognised between Pdaris and tiie noiUi, 

having the bright grotip of Cassiopeia on the east, and the chief stars of Draco on the 

west. We can almost imagine the exact form of this circumpolor constellation £rom the 

following lines : — 

" Near to hit irifc and dutight'r, m« aloft where Copheus ihinaa> 
The wife, the Little Bear, and Swan, \mi1i Omco Iwunii hlaUlMS; 
Above Pohuu, twelve dcgraee, two stars the eje will meet, 
OamiBS, Cha oogMdc iliapheKl's gam, sad SspfM— Hunk bte Ihtl ; 
A1|lklr1^ the Hiada'e Kalpen}-, point* oat the nwosKh's wiiaft, 
WhOe Aldenunin, beaming bright, ia on the ghonlder pkced : 

AliJ whfK o:i f'^vmi rich and vast, the Viu fjn t<'n '? led. 

Thiee etan, of ma^tade the fourth, adorn the Ethiop'a hvad." 

COMA BERENICES. 

This small constellation contains about forty -^turs vi.sihh; without the aid of a telescope, 
several of which are of the fourth and fifth mugmtudes. It is situated south of Canes 
Tenatid, west of Bodtes, nortb of Leo and Yirgo» and east of Leo and Urn Major. Its 
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name, Berenice's Hair, has been firrivrd from nn K^yptiaii fablo. It has bwn asscrfcd 
that Evergetes, a king of Egypt, was absent for some time on a dangerous expedition, 
ao long indeed as to oatiM fi<Huid«Tal)]e anxiety in the mind of the Queen Berenice. She 
eouequendj made a tow to oonaeeTate her fine head of hair to (ho goddeea Yenus if her 
huahond were permitted to return in aafety. On the successful return of the king shortly 
aftersvartls, she fulfilled her vow by at once ordering hrr Io< ks of hair to be cut off and to 
be huug up in tho trinplf' nf Vt?nus, Their beauty, however, api>( ;ir.s to have attracted 
the attention of the gods, for the ti-ess^ very soon mysteriously disappeared, llecourse 
waa had to the wiae men of the period for an explanatimi, when one Cononi an astrancHuer, 
dedared that ihey were takan hy Jupiter, who tumed them into a ooueteUation of atara. 
This fable, like many others of the some kind, must only be taken for what it is worth ; 
but it is true enonph that several of the ancient pliilowphcrs have alluflod to these stars 
as "the tre«8t*8." To the nakcii eye, the principal group hjis a nebulous, or rather woolly 
appearance, owing to the aggregation, in a limited space, of a number of stars of the 
fburdi, fifth, and sixth magnitudes. These can he easily fonnd hy drawing an imaginary 
line from the bright star Alkaid on (he tip of the tail of the Great Bear, through €>or 
Oaxoli, as &r as Denebola. About neudway between the two last-named stara, the line will 
pass through the group. 

CORONA BOREiVIJS. 

Corona Borcalts, or the Northern Cnnvn, if» a email but important constellation 
between Bootes and Hercules. It consists principally of a group of well-known stars in 
the form of a orssoent, the brightest of which is Alpbecca, or Gemma, of the second 
magnitude. This star is pbced in the oentre of the front of the orown, aa the most 
|Hreciou8 stone in the diadem. Four of the stars are of the foovth magnitude. This 
constellation, confined as it is within pd vorv limited a space, contains, nrvcrthclcss, 
some intrrtsting objects, including three binary, in addition to other double stars, and 
also a triple and a quadruple star. Corona Borealis is one of the ancient asterisms, 
and is supposed Co have derived its name aa ht back as the date of &e origin of 
the zodiacal signs. It waa also oonsidersd to be the orown of the virgm, from its 
rising immedktdy after Virgo. According, however, to the mythology of the Greeks, the 
origin of the name arose from the traditional presentation by Bacchus of a beautiful erown 
to Ariadne, daughter of Minos, king of Ci-ote. On the death of Ariudue, who had become 
the wife of Bacchus, and as a memorial to her honour, this crown waa placed among the 
stars, forming tiie coastellation Corona BoreoliB. By referanoe to other stars, there are 
various ways by ^vhioh this popular group can be pointed out. One of them is by passing 
a line from the hist two stairs iu the tail of the Great Bear, through the northern part of 
Bootes, when it will pass u short distance TOiitb of the group. In the spring months the 
following alignment in rhyme will also serve this purpose, Epsilon Yirginis, referred to 
in die first line, being the most noriiherly conspicuous star in Virgo above Spica : — 
ifll 
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** From ^piOM ia Vii^o's tide Arctimii MBk, and •tern, 
And Juat aa Iw agaio yoit'U spy Conma'a bcmtoons gem ; 

There no inist.iVc rini n. ll li, lull i'.ti Iiiin \v!tO little knOW% 
For bright ttud ciriiubr tlin t jim n i:uti>|);.:'Uoiisly glows." 

It was near Epsilon Corona; Burculis, the most castorly star of the principal group, tliat 
a most extiuoitliuury tempoiary sUr suddenly appeared on May 12th, 1860, shining eq^uul 
to cue of ^6 «ecoiid magnitude. The fint truatwortiiy obeerratum. mm made at Tuam, 
Irehnd, but it vat on llie eame and anbaequent daya diaeovared independeatly in vanoua 
parts of Europe, North America, and India. When first noticed, ita Intra equalled 
Alphocca, but the daily diminution of brl^litnoss from tlic day of discoverj' was very rapid, 
amounting for some time to an average rat« of half a mugnitudo each day. Within a month 
it decreased to Uie ninth magnitude, to a mere point even when viewed through uur 
principal teleaoopet. The relative magnitadei^ determined by oompariaon with neighboaftng 
known stais, are aa follows ; — 



May 12 

„ 1" 
„ 18 
*il 
24 
„ liO 
JimeaO 



2 magnitade. 
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4-8 „ 
«"7 „ 
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»t 



M. Ernest Quetdet, of Brussels, remarked that the atar, when Tiewed by Hie 

naked eye, decidedly twinkled much more than the other stars near, so much so at 
times that ita variationa rendered the obeervationa of ita relative brightneea extremely 
(liihcult. 

Thia wondeitliil object ia all the more cnrioua from the 4»ittiunatanoe ^t it ia a email 
oatalogued atar obaorved by M. Argelander» of Bonn, in the yeaia 196$ and 1858» and 

noted by him aa of the ninth and a. half magnitude. From the nidden outburst of thia 

f?tar, wliieli wns not previously snspcctrd of variability, astronomers have hi'^n led to 
roiisider that it most probably liad hi-vn siibjfx-t to some; ppruliar cata.strojjhe, the effects 
of which first becume uppureut to us in May, 16Gii. If the outburst consisted of 
inflammable gu, the atar would he auppoaed to ratum natuially to ita normal aise aa aoon 
aa the gaa waa eompletely oonaumed. From the eeoond week in June till the middle vt 
Angoat, it was recorded of the ninth magnitude ; but in the autumn of 1866, the light of 
the star nj^in incnniMtKl for a few w«t>k8, and then again resumed its ordinary ttpj>earance, 
as first observed, in iH'oo by M. Ai-gelander. It has been frequently examined since, but 
no apfffeeiahle ehanga in ita luatre haa been noticed. Aa a proof that amnething peculiar 
baa been gobg on in this hitherto compamtively insignificant object, it may be atated tiiat 
the analytiis of its light, as viewed through u spectroscope, has not only exhibited the 
BlH-ctrum \nth dark absorption lines, t'imilar to those Iti tlic Ki>erfra of other stars, but, 
in addition, a series of bright lines has been observed, superposed on the usital s^Ksctrum, 

^ isa 
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indicating that the light by which the aecondary spectrum waa formed, was emitted by 
mutter iu a state of luminous gas. The position of one of the bright lines was euiucideut 
with that found from the analysis of the light produced from the combustion of hydrogen 
gas. Many explanations, or rather speculations, have been given concerning the origin 
of this remarkable outburst, but nothing of a decided nature has been published. It may 
possibly be a variable star analogous to those which are known to have their regular porieKls 
of increase and dimin\ition of lustre ; but still its peculiar double spectrum must naturally 
lead us to infer that the surface, or more probably the atmosphere, of this distant globe has 
been subjected to a conflagration of some kind, or, as it has been aptly termed by the Rev. C. 
Pritchard, formerly president of the Royal Astronomical Society, " the atmosphere of a world 
on fire." The position in the heavens of this curious object, as well as its relative size with 
respect to the stars in Corona Borealis, can be readily seen by reference to the accompanying 
small diagram, iu which the new star is inserted at its maximum magnitude, as observed 
on the night of its discovery. 
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CHABT SIIOWINQ TUB FUAmoN OP THE XEW RTAIl IN CURONA ROREALIS. 

A few stars have lately been examined, whose spectra show bright lines very similar 
in their nature to those of this temporary star in Corona Borealis, and consequently 
differing considerably from the general stellar spectrum in which black absorption lines 
only are visible. M. Secchi first pointed out Gamma Cassiopciio as one of these abnormal 
stars, and MM. Wolf and Rayet have since added three others of small magnitude, very 
near each other in Cygnus, to the list. 

CYGXUS. 

Cygnus, the Swan, is an important constellation between Lyra and Cepheus, and 
also one of the ancient asterisms. It is situated in the Milky Way, having Draco and 
Cepheus on the north, Lacerta and Pegasus on the east, Lyra on the west, and Yulj)ecula 
on the south. Its principal star, Deneb, or Alpha Cygni, at the root of the Swan's tail, 
154 
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is of tho first nuigiiitiide. With Yeg» wd iitair, it fenns » weU-kaowii atellAr iriragl^ 

visible in the summer and automn months. The second star in Cygnus, Albiero, is 
a double star, cclobrnfod, ns we have before observed, for the briUiant contrasting colours 
of ita components, which are respectively of the third and seventh magnitudes. Sir 
WilKun Hanohd made a careful oompariacm of the xelative brightnese of tiie stats 
m Cjgmu, the fesutts of which are to be fonnd in the PkOoii^Meat Hwua^ioiu for 
1796 and 1797. The ancient catalogue of Ptolemy contained only nineteen stars iix 
Cygnus, but Bodc^'s Atlas has throe hundred and sixty. Cvfrnus has been noted as 
the locality of two new stars. Tlie first was observed in 1600 by Jansen, Kepler, and 
others, and continued visible till 1621, when it became too iaint to be seen by the naked 
9|y«b Cassmi, hoverer, saw &e star again in 1665, when it was of the thnd magnitude, 
bat it soon beoaine again inTinhk. This object is now known to he a periodically 
variable star, with an interral of eij^tesn years between its maximum and minimum 
brightness. Tho second new star wag discovered by Kin li in lOSG, in thr nw-k of the 
Swan. When at its minimum lustre, this object is too faint to be seen with the most 
powerful telescope. 

A small doable star, 61 Cygoi, the oomponents of which are of nearly eipial magni- 
tude ia one of the most interoBttng obfects in this constellation. It is a carsftdly observed 

binary system. Its interest, however, principally consists in the large proper motion in 
the heavens of the two components, from which they have been unitedly reganlefl as one 
of the nearest of the fixed stars to our solar system. From some delicate researches of 
IL Baaael, a Gennan astronomer, tlua oompaiatively near star to ns has been found to he 
at a distance of about 650,000 timse grsater than that between the Ear& and the Son.* 
Smdl celestial distances are almost beyond the power of the human mind to 

form a proper conception of their mugnifude. Light is known to travel at the rate of 
shout 186,000 miles a second, but, with this great velocity, it would take more than ten 
years to pass over the space between 61 Cygni and the Earth. When we, therefore, view 
tilis star, we are aseing it as it existed ten yean ago; and were any radden oonflagration 
to take plaoe em its suifroe to-day, we should only be oogmaat of it on oor globe in ten 
years from this date. But this is one of the nearest of the fixed stars ; others are supposed 
to be n thousand times more distant, or even so far that their light has not reached us since 
their creation. The largo and equal proper motion in space of the two stars composing 
61 Cygni is a convincing proof of their physical connection, independently of any change 
in their rebtiTe positions. 

Deneh is snoh a prominent object south of the zenith in the summer night-sky, that it 
seems scarcely necessary to give any special rule for fimling this constellation. I5ut if we 
look nt the square of Pegasus, or rather at Alpherat, in the north-east comer of the square, 
a line from that star to Vega will nearly pass through Dcneb. 

* Hm dMttM brtWHB avB and dM EmUi, btst di* nmt nosnt dstwauMtfaSib ii, la iMmd nnaibcNb 
■im^-tev nUlkBi gf ouIml 

US 
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" Friim the wiug's tip, Alphpimt thjoogb, 

NriM' skim Aslnnt the nkiva, 
And lol bedi'i-k'd with glocivu itan, 

Th* aoaiing C'ygiiiu lliea: 
Or, fi'On t!i" \v> >tu;,r.l >ha|lU yon Widi 

Tilo latiiiti t« pu;r ujKJji, 
jftftuniii. Gemma, Vega, join 

To iMul joa to til* 8iraa." 

DELPniNTJS. 

DolpliiTiuR, the Dolphin, although a small constellation, is one of the ancient forty- 
eight ustvri^s. The chief stars can be seen in the diagrams as a group east of the throe 
•Ian in Aquila. It is Iwimdsd on the ii,<»rth by Yulpecula, on ihe vest by Aquila, on fho 
Dart hy Pegam^ and on the aouth by Aqnarioa. Aooording to Ptolemy, Ddfdimus oon- 
tainod ten stan, but Hcvelius in the seTonteenth eemtnry increased the number to fourteen. 
Bodo, with totoscopic aid, rof^isferocl fifty-onf». Hcvpn of the Bt^rs are above tlic sixth 
magnitude. Kaswini relates that the loweat blur uf the group is colled the dolphin's tail, 
and the four in the middle, the necklace or sometimes the cross, that in the tail being the 
•tern of ihe enm. Theee stars can be fonnd easily as above, or by the following alignment. 
Draw u line from Beta and Gamma liync, below Vega, through Albiero, or Beta Cygni, 
when, if continued twice that distance, it will pass through the centre of the grov^. Oj*, 
according to tiie Cekttial Cycle, it can b« pointed out !iy the following rhymes:-^ 

"To beareo's gruid arch from deepest wm^ 

Bdliold tho DdpUa ifH^ 
Th« gnuw, M old IfMilim aiiUi, 

Of owan and the gkies : 
'Tis I'l u.xl li'.'tnevn that »\mc<s whtffafal 

The vaglc'a wio^ M« spnad, 
And thoae few stui vato the f»*t 

Whieh msik tlu hcam'% W." 

DRACO. 

Draco, the Dragon, is usually represented as surroundiug the north pole of the 
ecliptic, its tail dividing the two Bears, while its head reaches to the right foot of 
Hercules. It was one of the original forty-eight oonsteUations, and comtains, aooording 
to Bodega Atlas, two hundred and fifty-five stan. Alpha Dniooois, or Thuban, was 

formerly recorded as the briphtost star in Draco : it is now, liowevcr, onl}' between the 
third and fourth magnitude. I'pwarda of 4*)0U yours ago, this star was situated very near 
to the pole of tho heavens. In the times of the Chaldeans, when the birth of astronomical 
science is supposed to have tsken place, Alpha Dtaoonisi being at tiiat time so near to the 
celestial pole, must have appeared even mwe stationary tban the pole-star nS the present 
age. It has now deviated from that position nearly twenty«five degrees. Beta and 
Ghmima, of the second magnitude, are the two briphtest stars in Draco. The zenith- 
distance of Gamma Draconia is daily observed at Greenwich, if the weather be favoiir- 
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able, owing to its paming aoroas tlw upper tneridiBiL nearly in the aeniih of the Royal 

Observatory, from obwrvations of this kind made at Wanstead with a peculiar iiMtru- 
mcnt called a zenith sector, Dr. Bradley, formerly Astronompr TJ.oynl, mndc the important 
discovery of the aberration of liglit. The obeervations of thin stundard Greenwich star 
are continued from year to year with the object of obtaining fresh data for the rc-determi- 
natioD, with the greatert attttnabla aeeatacy, of the Tslne of thia and other aBtranomieal 
oonitante. The advaatagea artsing fimn these aenithd, olNervattona ane Teiy great; fiir 
•when objeota enlminate in that point, the effects of refraction produced by the Earth's 
atmosphere are reduced to a niiiummn. We have previously remarked that tlic polo of 
the ecliptic is situated in Draco, and that the iieurest star to it greater than thv fourlh 
magnitude is Zeta Draoonis. Some conception of the general extent of this coustcUutiua 
ean be gathered from the following lines 

" A lin« htm DuUm^ In tlw Ban, ant right tin Otmrit httnen, 

Thp Rt.irs whirl) fm iii the Dragoii's tail in niidimy will be Mwa. 
Fitr to tbo oa.it the body wind*, vrhere LyM'a lu»tnit glow, 
A ny ftom Vqp to Oa Pok ito kneqgi^bHd wiU ■how." 

Although Draoo contain* no fireUdaaa etar, yet few nertibem eonstdlations are richer 
in second-ckss objects. Many of them can be identified on, any dear ntght between 
Charlee'e Wain and the Leseer Bear. 

EQUULEUS. 

Equuletis, the Litflc Tlorse, although of small extent, is one of the original fortv-eipht 
constellations of Ptolemy and his predecessors. It does not appear in the astronomical 
writingB of Aiataa and Eratosthenes, and its origin is unknown. Thomas Uood, writing 
in the surteoLth century, remarks that ** this constdOatiim was named of almost no writer, 
saving Ptolomce and Alfonsus, who fiillDweth Ptolomee, and therefore no eertaiti tail or 
hislorio is delivered tlicmif, hy what means it came into heaven." Ttn position may be 
disf inguished hy a trapezium of four stars of the fourth magnitude preeetling K{>silnn 
Pcgasi. These were all the stars in Equuleus known to Ptolemy, Tycho Brah^, and 
Kepler. Flamsteed recorded the positkiis of ten, and Bode ha* inserted &irty-six in hia 
atlaa. The soRounding aaterisms are Delphinua on the north and west, Aquarins on the 
sooth, and Pegasus on the east and north. The head being the only part of the animal 
represented in celestial maps, it has ■""^H'T"«y reomved the name of £qui 8ect», 

HERCULES. 

Hcrcides is a constellation of great extent and importance, although it contains no star 
greater than the third magnitude. It joins Draco on the north, Lyra on the east, 
Ophiuchus on the south, and Serpens and Corona liorealis on the west. By the abscnoo of 
Stars of the first and second magnitudes, Hercules is not so remarkeMe to the naked eje as 
msay other asterisma, hut, telesoc|neally, it is a very interesting eonatsllation on aeoaont of 
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flw mnneroiU double stars, clusters, nnd nebula; contaiiied mthin ita boundaries. In tho 
star-cataloguea of Ptolemy, Tyclio Brah^, and other astronomers who flourished before the 
invention of the telescope, about thirty stars in Hercules hnve been inserted, all of which 
axe observable without optical aid. In Bodo's Atlas, four hundred and fifty-one are 
indnded, » «oautdn«l>k numbst <d wM^ ■» UAatoa^ TIm principal «ter is AIplM 
Heronli^ or Bualgeti, one of the moot lovely doable stecs in the heKrens; the chief 
component being about the third magnitude and of an orange colour, while the companion, 
which is very close, is of tho sixth marrnitmlo and of an emerald or Wuish-green colour. 
Raaalgcti varies in brii^'htness to a sinall extent. la the diugraiim it can bo noticed a short 
difltance north-west of Jiua Alngue, or Alpha Ophiuchi. As Has Akgue, Aitair, and Vega 
nenly fonn an of^uiiutenl triangle^ the poaition <rf Bsaalgeti as well that of Baa 
Alftgne can be eaaily lound, each atar bang leapeotively in the heAda of Heroulea end 
Ophindma. 



Among the numerous donble stars in Hercnlea, the most interesting is Zeta, of the 
third magnitude. The companion is of the pixth. Zeta Herculis in situnted near Epsilon, 
of the samo size, between Alphecca in Corona Borcalis, and Vega, it is a very close 
binary, and for many years appears only as one star, even in flaperior telesoopefl. Its 
di^lidty waa first discovered hy Sir William Heraohel, in Jnly, 1782. Thirteen yean 
after, he again saw it aa a double star ; but within a short period of that date it became 
apparently a single object of a wcflpc-like form, when viewed on favourable occasions with 
tho great forty-foot reflecting' Icb'scoju". The disappearance of the ronipanion was con- 
sidered by Sir William Herschel to be so curious that he made a remark at the time that 
" the abaervatuniB of this atar Anniah uawith a phenommon whush h new in eatronaany ; it 
is the oocultation of one star by another.^' Zeta Hecenlu was again seen doable in 1886, 
in which j'ear it was observed at Dorpat by Struvo. In 1840, it waa easily separable in 
ordinary- ftlescopes. In 1863 Mr. Dawes observod it as a single object ; but in 1865, 
with his eight-inch refractor, he again saw the small star perfectly detached ixom the 
large one. 



Lacerta, the Lizard, is one of the small constellations formed by Heveliu^ at Dantzig, 
in the hMet part of the aeventeenth eentnry. It is bowkded on the north by Cepheoa, on 
theeaatby Andromeda, on the aoath by Pegasttii and on the west by Oygntie. IteontauM 

no star greater than the fourth magnitude. In the June diagram, looking north, the 
position of Lacerta is indicated by lis muill star* at the right edge of the MUkj Way* 
between Cepheus and Beta Pegasi. 



Ami ! vnn glorious »iarrj' host, tliRf ffi ln It. 'li si^ht btfI Tntnil, 
VVuulii you the Serpent-bearer"* heail and that nl' Ilm li'^ tiini, 
From Aitair went direct > my to where Arcturun glows, 
OiM'thiid that dutance, by the eye, will tioth tbeM h««ds diackiM. 



rjlCERTA. 
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LEO Xlir01t-LY11X.-LYRA. 



LEO MiNuH. 

Leo Elinor, tlie Lesser Lion, was alao formed by Ileveliiis about tlic year KID], out of 
the diblriet betwueu Leu and Ursa Major. In his roviaiuu of the cousteUation», he selcvtcd 
tiiia place for the babitatiait of tbe Lesaef Lum* for "anoe ihey wteem. ihe Bwr and 
fhe lion as the Iwttest and fieioert aniinal8» I wiaihed to place there aonie quadnqied 
of tho same nature." Tli(> group of small atars inserted in the diagrams, looking south, 
between the Sickle in Leo and Lambda and Mu JJrtm Majorui, belong to Leo Minor. 

LYNX. 

Lynx is another of the new consteUations formed by Hevelius out of the stars 
unappropriated by the ancienta. It ooonpiea an extennve apace between Auriga and 
Una Major, but it cmtaina no object greater than the fourtli magnitude, while the great 
nuyority of them scarcely exceeds the sixth. Lynx has Ursa Major and Camelopardalis 
on ihi' north, Leo Minor on tlif pt\^K Cancer and Oemini on the south, and Auriga and 
Camelopardalis on the west. A considerable portion of this constellation is circumpolar 
in Qreat Britain. 

LTRA. 

Lyra, the Harp, one of the oU forty-eight conctd]Atioiu» » of veiy limited octant, 
but it ootttaittB, nevOTthcleflN, aeTeral important objecti, inclnding Yega, one of die 
brightest stars in the northern hemisphere. Lyra is situated to the louth-eaat of the head 

of Draco, liaving irereules on the west and suuth, and Cygnus on the east. This .'<mall 
constellation contains about twenty stars visible to the naked eye, but Bode has ineliidcd 
one hundred and sixty-six in his celestial atloa, the majority boing of course telescopic 
The iaolated porition of Tega, with reqwet to other very large stars, is ao well known that 
it ii eeaveely neeeaaary to give any apecial alignment. It may b^ howeTar, aa wdl to 
etnte that a line drvim from Aretoras through Corona Borealis leads directly to the Swan, 
and in its course passes over Lyra. A large right-angled triangle is also nearly formed by 
the stars Vega, Arcturus, and Polaris. Also the thrtse stars in the neck of Aquilu point 
dir^tly to it. Vega is accumpauied by a small telescopic star at a short distance, and 
aome minute objeeta haTo been auapec t ed to be Tcry ebae to ibe principal atar in whoee 
mya they are lost. According to eome ezpariments mode by M. I^augier on the relatiTe 
intensity of the light of the stars, that of Vega was found to be greatly inferior to that of 
Sirins, although it was placed by him second on the list. il. iSictlcl, however, from sirailnr 
expenmcnts, but by a different method of investigation, pkced it third in order of lustre. 
Dr. Wollaaton bad prerioualy pabUahed the reaaltB of hie reeearehea on the comparative 
intenrity of the light of the enn, moon, and atara, frinn whidi he oonolnded tihat the 
intrinsic brightneaa of Vegn is only one-ninth part of that of Siriua. Sir John Herschel, 
including the stars In both lu inisphercs, places the relative brightness of the priiiripul 
stars in the following order : — Sirius, CanopuH, Alpha Centauri, Arcturus, Kigel, and Voga. 
Of these, Canopus and Alpha Centauri are not visible in this country. When near the 
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meridian, Vega certainly appears intensely brilliant tlirough a telcacope, at whiuli time it 
fonns ft great oontnat to the humble light of its amall oompanioii. This star, valaable as 
it is at present to the navigator, will bo infinitely nune so in futtire ages, when it will be, 
both in position and lustre, the polar gem of the northern hemisphere. It will then be 
appnn'nth' stafionar}-, like our prownt Polaris, with rcHpoct to the horizon. Tho intensity 
of the light of Vega ia sulhcieutly great to enable any one to observe it with ordinary 
telesoopea duiing any part of the day or night throughout the year, excepting only for a 
mj short tine wh«i it is in the north horizon, where eren it can be oocasionBlly observed 
on very dear nights. Vega, Dencb, and Altair form the weU^known triangle by wbidi 
the three starts are generally identified in the yk}", the throe angles being occupied by Yega 
in the north-west, Dcneh in the north-east, and Allair in the south. 

Beta Lynt', a star of the third magnitude, south of V ega, and a little west ol (j annua 
Lyrffi, of a similar sias, may be found by drawing a line from Yega towards Altair, when 
it will pass between these two stars. Beta Lyra is ocoompanied by a oompanion of 
the eighth magnitade, and by two smaller ones at a gteatttr disfiince. There does not 
appear to ho any evidence of a physicsil connection between fliem. The magnitude of 
Beta has been found to be slightly variable. Epsilou Lyne is a very curious star, and is 
what may be termed a double-double star. It is situated on the frame of the Harp, a short 
distance north-east of Yega when on the meridian. To the unassisted eye it appears of the 
fifth magnitude, but when viewed through a telesoope it is separated into two systems 
of stars, each system being a fine binary pair. Between the two sets three or four very 
faint stars can be noticed. Admiral Smyth remarks in his Cvkntial Cyclr, that these stars 
funu a iiue subject for contemplation ; " the two sets resembling each other so closely in 
magnitude, distance, Ofbital retrogradation and proper motion^ as to afibrd palpable 
evidenoe of their forming a twin tystem ; and a oomfained rotaticni about a eMnm<m centre 
of gravity may be suspected." When eontenqiibting interesting groups of this Idi^ no 
observer can really believe that these ap|>arently small objectHi, which seem to be m 
dependent upon one another for their uniformity of motion, have been placed in their 
respective positions in the universe without some high purpose, of which we are profoundly 
ignorant. One thing we do know 1s» tiiat they have not the dightest influence on our 
solar system, nor are they uaeM to man as omamsnts of our skies, especially when the 
object is so minute as to be only visible through good spuce-penetrating telescopes. There 
are several other stars of this class in Lyra, double, triple, and quadruple ; but there are 
none of so interesting u character as the group composing Epsiion Lyne. 

OPHIUCHUS. 

Ophiuehus, the Serpent-bearer, is one of the old forty-eight asterisms, nnd oceupies 
at midnipht, in May and June, a verj' largo portion of the sky in the south; but although 
it is of so great an extent, it contains but few important stars. It is bounded on the north 
by Hercules, en the east by aonw small eonstellations, on the south by Scorpio, and on the 
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west by Sorpaoa. The laat^moitioned constellation is, however, so entwined with 
Ophiuchus that a proper srparntion of the two is extremoly difTKult. Ophiuchus includes 
several clusters and double stars, one of the latter, 70 Ojibiuchi, being a most interesting 
binary system. The components of this star revolve n round each other in about 100 years. 
Jn 1604, a nsw- atar of great TjniUiancy aoddenly appeared in the foot of Ophiachiia, hot 
after ahining for aonie time aa bright aa one itf the first nagnitude^ it totally diaappeared 
in a few months. At the preaent time bo atar within the limit of vision, even with the 
assistance of our largest nstronoraical telescopes, can be found near its place. The position 
in the heavens of Ras Alague, the principal star of this constellation, has been previously 
pointed out by alignment, but the fiiUowing couplet may atiU be osefol for ita detection 
amoiig the atars:— ^ 

*• Fniu AlUir let a r»y be cast, where wo Arcturua view. 
One-third that distanc* will rcreal the star RM-al-ogue." 

Ophiuchus contains about eighty «tars visible to the unaided eye ; twen^-nine of theao 
ace included in Ptolemy's catalogue in the Almage^, 

PEGASUS. 

Pegasus, the Winged Horse, is n prominent constellation on the meridian at niitlnight 
in September. It contains several stars of the third magnitude, in uddititm to Murkab, 
Scheat, and Algenib, in the square, and, according to Bode, three hundred and ninety- 
tibvae atava. It ia bounded on the north by Laoerta and Andromeda, aouth by Aqaarina, 
aaat by Piaoe^ and weal by Equoleua and Belphinua. .Alpha Fegaai, or Uarfaab, ia * white 
atar of the second magnitado, at the junction of the animal's wing and shoulder, while 
Beta Pegasi, or Scheat, is a deep yellow star of the second magnitude in the left fore leg. 
Algenib, or Gamma Pegasi, is situated on the extremity of the horse's wing. Epsilon, in 
the mouth, and Zeta, in the neck* are two conspicuous stars west of Markab and above 
Aquarina. Eta P^aai ta near Beta, a little to the north-weat. 

Pegaaoa and the adjoining constellations nearer the pole owe tiudr poaitioQ. in the 
heavens to a mythological conncH.'tion. Tlie fable runs tlius : — To assnago the anger of 
Neptune, Andromeda, the daughter of tV-jiheus and Caiisiopeiii, was bound to a rock to be 
devoured by a sea monster. At the moment when her death appeared inevitable, Perseus, 
who waa returning through the air from the eonqueat of the Oorgona, changed the aea 
monater into a rw^ by showing him Meduaa'a head, rdeaaed Andromeda, and anfaaequantly 
married her an a reward foT his trouble. Pegasus is said to have ^mng fiom the blood 
of the Gorgon ilt clusa, after Perseus had cut off her bead. These five constellation<«i, 
reprcseuting the names uf the principal character iu this fable, occupy iu September a 
cousidcruble portion of the sky both north and south of tho zenith. Andromeda and 
F^aana are aoulli, Oephena and Ouaiepeia north, and Feraeoa weat of ttiat point. 
Equuleua, the Little Horn, ia ntuated between Fegaaua and Dolphinna. The observer 
ought to hare bnt Uttie difficulty in reoognioiag moat of tiie principal ata» in the diatrict 
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orcupicd by Pcgafiiis, from the directions previously given ; the following lines will, 
however, still further assist him : — 

"And on, from where the pinioned nmiil 

Her cruel fnte attvnds, 
Wide o'er the bearvnit his fablrd form 

Winged Pegasus extemU. 
From Alpherat down to Markab's beam* 

Ix't a rrcMs-line be sent. 
Then will four stars upon the Hi>rs« 

A spacious squarv present." 

PERSEUS. 

Perseus is principally a northern constellation, and for the most part circumpolar. It 
is one of the forty-eight aatcrisms of the ancionts, and is situated in a very conspicuous 
part of the Milky Way, dim^tly north of the Pleiades. Us chief stars are Alpha Per»ei, 
sometimes called Mirfuk, and Beta Persei, or Algol. The latter is one of the most 
remarkable of the voriublc, or periodic, stars. The variation in lustre of this star was first 
noticed by Moutanari in the seventeenth centurj', but its perio<licity was first accurately 
determined in 1782 by Goodricke. Algol varies in magnitude from the second to the fourth 
in about three and a half hours, and back again to the second in the same interval of 
time. It continues at its greatest lustre during the remainder of its period, which has been 
ascertained to be about two days, twenty hours, and forty-nine minutes. Perseus contains 
several interesting stellar objects, one of which in his right hand we give as an illustration. 
This beautiful cluster is scarcely visible to the naked eye, even as a single star, but when 
•viewed through a good telescope it exhibits a brilliant mass of stars, varj'ing from the 
seventh to the fifteenth magnitudes. While gazing on this superb telescopic object we can 
well realise the poet's description of — 

" Some sequestered •tar 
That rolls in its Creator's beums afar. 
Unseen by man ; till telescopic eye. 
Sounding the blue abysses of the sky. 
Draws forth its hidden beauty into light. 
And adds a jewel to the crown of night " 
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Til tliis beautiful clustor, the central group resembles a coronet, or rather an ellipno of 
smuil sUrs. The eonii>un»tively bright star to the right in the diagram is of tlie seventh 
magnitude. Sir William Hertichcl considered that this cluster, and another which follows 
il ckudy, bdntg to tiie Milky Way, in which they an litvatod. Theae two dwton «« 
perfectly dieoomwoted from, eeob other, ellhongh the ontlying stare in each oan be brought 
into the field of view of a teleaoi^ at the same time. On very clear nights in winter they 
form, when taken to|»ether, one of the most interesting telefcopie nhjeefsi in thi' lu-avens. 
The author recollects the great delight be felt when he was tirttt shown these clusters, at a 
time when such objects were novel to him ; and although thirty years of professional 
experience have paesed away linee then, the impteerion on hie niemoiy of this first view of 
these gorgeous groups has never been effiiced. 

Perseus is situated in the Milky Way, south of Cassiopeia and Camelopardalis, east of 
Triangulum and Andromeda, north of Taurus, and west of Auriga and Camelopardalis. It 
oontains about sixty stars visible without the aid of a telescope. 

Alllioii^ one of the most insignificant of the constellations of the northern heni* 
sphere, Sagitta^ or the Arrow, is included among the forty-eight asterisms of the ancients. 
It is rt'pre.sentcd in celestial maps with the point of the arrow towards the east, occupying 
a very narrow portion of the heavens between the bill of the Swan and Aquila. One of 
the hnnchea of Uie Hilky Way passes through Sogitta. On the shaft of the arrow a rich 
bat eomprewed olnster, 71 (tfessier) Sagittw^ may be obserred with » good teleseopeb 
Under ordinary circutostanoes, it appears as a nebula with a very feeble light, to which 
class of objeeta it was supposed to belong, till Sir William Ilei sclicl, in 178'5, resolved it 
into n cluster of stars. Flumsteed, in h\n Ifistoria Ci'/i sfit, rrcDnlcil the |X)si( ions of eighteen 
stars m kkigitta, nearly all of which are discernible with the uuob^x^ted eye. 

SEBPENS. 

Serpens is one of the forty-eight ancient constellated groups, and extends over a 
considerable portion of the sky ; the head, which it under roroim Horealis, is well marked 
by several stars of the third magnitude ; the iKxly winda thruugh Uphiuchus, and the tail 
reaches the Millgr Way near Aqtula. Its principal star, Alpha Scrpontis, of the second 
and a half magnitude^ was known to Ae aneients by the name of Unukalkay, and by the 
astrologt^rs of the middle ages as Cor Serpentis, or the Heart of the Serpent. This star ie 
of a pale yellow colour, and is closely followed by a very small telescopic object, first 
noticed by Sir William Flcrsehel with his twenty- foot reflector. In the catalogues of 
Ptolemy and Copernicus this constellation is made to consist of eighteen stars, ail of which 
were elearly visible to the naked eiye; Fhunsteed inorsased this nnmber to sixty-four, 
while the atlaa of Bode containa one hundred and eighty-seven. Host of the principal 
stars in Serpens are .situated in or near the head ; Alpha is, however, in the fore-part of 
the body, a short distanee below the head. The reader can easily identify the Isst- 
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mentioned star in tbo Juno diagram of the sky, lookinjf soutL, by drawing a Btraijrht lino 
from Alpha AquiUoi or AltatTi east of the meridian, through Alpha Uphiuchi, or Ra« 
Akguc, on the meiidun, to b erare^onidmg diBtuioB mrt of iSb» nmidMii, vfam it will 
pua through, or yeiy near, Alphtt Sorpentis. Or, if we have reoouxaop m on otiher 
oocMons, to the rhymoiter, the upper pert of the body of the Snrpeat may he dearly 
pomted oat by referenee to tbe nme atan: — 

" To fttrike th' inniiinus St.Tpent't hout, 
A line ftwn Alteir wield, 
From tiMBM below Bm Jdignt, 

Ac-ro!>H tb' Amliiun Fk-M ; 
Ai»l when as far again you're nnch'd, 

As those two •tors may be, 
Tbe middk one of tbrea ftir guns, 

Seipeiitii Cor jvaH wn." 

TRIANGULUM, 

Triangulum, the Triangle, is also one of the aneieut forty-eight conslpllatcd groupfi. 
It occupieti, however, a very litaitc>d space south-cast of Audromedu, uurtli ut' Aries, and 
weat of Feraeoe. Hardius fitfmed an additumal triangle, which he named Dimgulim 
MutOTt by apfTopriattng a few nniued stara between it and Aries. At the preaant time, 
however, this creation of HeveliuB haa been diaoontinued. Alpha Triangali, the ptiadpel 
Btar, is aT>out the third iii:igiiitti<le, n<»com|)an{ed by a very faint telescopic companion; the 
remaining stars visible to the naked eye vary from the I'uurtb to the sixth magnitudes. 

UBSAUAJOB. 

Ur^n Major, the Great Dear, is perhaps the most univeraally known of all tbe 
constetlatiuiis in the northern hemisphere. Tlie familiar form of its seven principal stars, 
being always visible iu the latitude of Great Britain, naturally (»utributc8 to make it 
ao. One of the firat lesions on the coufiguiationB of the atars, whicih we should advise the 
young student to make, would be the identification by name of eadi of the atan oompodng 
tUs remarkable group; for 

" ITo who would scan the tigured Mm, 
\ia brigbtc4tt geuut to tell. 
Must first direct his iiiiud's eye nortll. 
And learn the Bear'a stars well." 

Ursa Major extends over n considerable portion of the northern i<ky. It has Drac« 
nnd Ounu'lojKirdaliH on the north, Canes Venatici on tbe east, Jas) Minor on the south, and 
Lynx and Cameiopardalis on the we8t. Excepting Draoo, it happens that in the oonstel- 
latioas diraetly •unonnding Ursa Major the sky is mem than nasally bare, whieh tends 
to ahow out ita seven principal atara all the laighter by the oontrast. Tbe diflhtent 
members of this group arc nearly of the same magnitude, six of them being abottt the 
second. The seventh, Delta, is sensibly smaller than the others, and it has been suspected 
to be Turiablo in lustre at intervals of long period. At the present time, it is ranked only 
1C4 
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of the third and a half magnitude, while in the days of Tycho firuhe, Delta was recorded 
as of the second, and in the seventeenth nnd eighteenth centuries of the third and fourth 
respectively. A mere glance at the group shows distinctly that it can boar no comparison, 
in Lutra irith ito ux oompmiioiia. 

Thk pofKilar itellar group bas been ftnr a long period aaBoeiated in name with lereral 
iemetrial olgeets, to which it has heen assumed to bear some resemblance. Among them 
we have the appellations of Charles's "Wain, the Plough, David's Car, th(> Birr of Lazarus, 
the Dipper, etc. Charka'pi Wuiii is tlio name by which it is most known in this coimtry. 
In this instance, the four stars. Alpha, Beta, Gamma, and Delta, aru termed the wheek, 
the two first being the fi>Te wheela, while the renwtiung three represent the eheft of the 
weggtm. Theee bet in the Pkngh wonld rqHreeent the handle^ and also «f the Dipper. 
One aealous writer, Kircher, claims the four stars in the quadrilateral as the Bier of 
Lazarus, the throe in Frsa's tail rt prosi-nlinj* Mary, Martha, and Mary Magdalene. The 
poet Schiller has, in imagination, seen the ship of St. Peter typiticd by this group. With 
regard to the resemblance of theee atars to the fonp of a Bear, no very great stretch of 
poetical fimcy is reqnired to malm out a longh Ibmn of that animal ; fbr, in addition to the 
body and tail, indicated by the principal stars, there are others of the third and fourth 
magnitude that fix the outline of this imaginary Bear with an aatoniahing degree of 
precision. 

The two mo«t westerly, ur advanced, of the seven stars are universally known as the 
Fointen. These two stars, Alpha and Beta Uraie Hajoria, haye also titaz Arabic names, 
Duhhe and Merak, and ara^ perhaps* the most popnlBr of &e seven, beeans^ by drawing 

a line from the more southerly of the two through the other, the Pole-star is always found 
without difficulty. There is not n^uoh fear U)at this operation would fail, even with the 

youDfjost observer. 

Miiuir, the central object of the throo in the tuil, is a Bpleudid double star, the 
companion being a t^uish t^caoopio star of the eighth magnitude. Akor, of the fifth 
magnitude, is some distance from Miaar, when aeen ^iroug^ a telesoope, but with the 

naked eye the two have tho appearance of a double star. The last star in the tail hat 

the Arabic de«ignation Alkaid, or l?cnettiasch, or the superintendent of the mourners, 
supposed to be following the fanciful form of a bier. Tlio lullowiug statement in a 
tabular form gives the astronomical n^me, viih its Arabic designation, of each of the store 
in Charles's Wajn:->- 

Alpha (a) Urseo Majoris or Dubho, 
Beta(^) „ „ Merak, 
(7) M M Phecda, 

Delta (g) „ „ Jft^o-rcz, 

Epsiinn ({) „ Alioth, 

Zeta {I) ,t „ Mizar, 

£ta {«) „ „ Alhaid, or Benetnaach. 
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mSA MINOR. 

Ursa Minor, the Lesser Bear, is very easily distinguished, as its contour, marked out 
by seven stars, as in Ursa Major, can be traced with ease from I'ohiris in the tail to Kocab 
and Gumma Uruaj Minoris in the shoulders. The curvature of the tail is, however, in a 
contrar)' direction to that of Urwi Miijor. This small constellution, which contains the 
pole of the heavens, is surroundt^l by Draco, Camelopurdulis, Cassiopeia, and Perseus. Its 
principal star, Polaris, of the socoud magnitude, is one of the most important objects in 
the heavens. 



Polaris is a yellowish star, occonnpanied by a faint, but not olosc, companion of the 
ninth magnitude. Several observers have made measures of their distance and angle of 
position at different epochs, to detcrmii^o whether the two stars are physically, or only 
optically, connectotl. The evidence deduced from the observations seems to show that, 
though they are telescopic companions, yet they arc probably separated from each other by 
on almost infinite distance. In the northern hemisphere, Polaris is of great advantage to 
the astronomer and mariner, bejng ust>d frequently for determining the latitude of places. 
Being of a good magnitude, it ia visible through a telescope on the meridian twice in 
twenty-four hours ; once above the pole, and onoo below the polo. As the angular 
elevation of the celestial pole above the horizon is always the same as the latitude of the 
place of observation, the mean or average of the two measurements of meridian altitudes 
above and b«»low the pole determines the latitude. The same can be found from any 
circumpolar star bright enough to be seen during the daytime ; but, practically, Polaris is 
the best star for the purpose, as the small angidar distance between the two positions is 
favourable for several reasons. This star is also ob.scrvc<l regularly in most standard 
observatories for the determination of the azimuthal error of the transit-instrument, or the 
deviation of the telescope from the true meridian. Polaris is becoming year by year more 
truly the Pole-star, as it will be gradually approaching the polo for the next 200 years or 
more. It will then begin to recede, continuing to do so for about 12,000 years, when the 
pole of the heavens will be somewhere in the constellation LjTa. In 12,000 years more it 
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will be again in the same position a»at pfesont. ^ In the intenral of timo bofwocn these 

dif^tnnt cpoc!iH, Polaris will therefore ombb for ages to bear the name of, or be lueful ia 

any way m, the Pole-star. 

The use of this star in navigation is supposed to have been first reoommendod by the 

Qreek astranomer Tlials^ and waa veiy andanUy known by the name of Phcenioe. Ilia 

poet Diyden has described tbo iotmey of navigatioii, as inaotiied hy the adTentoroiia 

aeamem «f Fhonuda: - 

- Boda m thair ihiiw vm iwvvnted tiien, 
No nseftil oom|>Mi, or meridiMi known ; 

Coasting tlii-v k-'['t liiml witliiii t:..'ir )»■ i. 
And knew no north bat when the jwlc star shone," 

The second bright star in Ursa Minor is Betn, or, as named by the Araba, Kooabw 
It is of about the spooiul mnprnituflo, niul U fiituatctl in thr left shoulder of the Lof«<er Brar, 
Polaris being at the farthermost end ol' the tail. The third star, Gamma, is of the third 
magnitude. Kocab and Gamma Ursa Miuoria are frequently alluded to as the Guards of 
die Poila. The intennediate stats between Beta and Gamma at one extremity and Polana 
at the other aro much smaller ; but on moonleSH nights they are quite distinct, and 
easily identified. Perhapa the following lines may help the obserm to find the stars in 
Ursa Minor 

" Kuiciib, one bright, aud two f«itit ulitrn, 
Grace LnWT Vrsa't tide, 
la obimig Mium; trace hrr bent ttil. 
And to tiM r<tl* jonll 

■\TLPECULA ET A2sSER. 

Vulpcculn ct An!5Pr, the Fax nnd flie Gooi^t*, between Aquila and CygnuM, is one of 
thenjrxlcni constellations iutioduLLHl by Hcvclius in the seventeenth century. " I wished," 
said he, " to place a fox with a gtuMe in the Hpkce of a slcy well fitted to it ; because such an 
animal ia irery cnnning, voiraoioiM» and fieioe. Aquila and Yultur are of the same nature, 
rapadoas and greedy." The «nall stars below Albieco belong to Yulpeonla. Eevelins 
registered twen^-seren atws in thia small astniam, and Bode as many as one hundred and 
twenty>nx. 

In addition to the preceding constellations, there are several others north of the 
Zodiac, including Hone Usenalus^ Mnsea Bonalls-^tha N(»tlieni Fly» Quadraas Muralis — 

the Mural Quadrant, Scutum Sobieski — the Shield of Solucski, Tarandus — the Rdndeor, 

Taurus Poniiitow.ski — tlio Bull of Poiiiatowslii, and some even more insignificant than 
these. Not one of these asterisma contains a single star likely to attract attention. 
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" Uow bright the stony diamomU sliinc ! The kiug* 
Of eutmn eliuies eajoy'd • |>n<ie to be 
C\iiii|ian>d with thftn, — they deck'd tbeir robes with ttara. 
Sw! how thoy glitter through the roid ! They fgnn 
Nijjhl's richest dress ; thi-y on hvr sable rolm 
Lilte getM of riobevt Iwtn ifNirklck •pnwd 
So in fxtonti us Mtioa m 
But MM flwir bMB^." 



|HE prindpil eoiuteUattmu Mmth of tlia mdaae^ tomy of whicli M» yimUo aboro 

the horizon of London, are Ani, Argo Navia, Canis Mujur, Canis Minor, Centaurus, 
Cetus, Columba Noachi, Corona Australia, CorviiB, Crater, Crux Australia, Dorado, 
EriduDuti, Gru8, Hydra, Jlydrus, Indus, Lepus, Lupua, Monoceros, Musca Australia, 
Orion, Pavo, Phccuix, Piscis Australia, Piscia Yolons, llobur CaroU, Sextans, Triangulum 
Aufltnlu, and Touoana. Tkete an many otiien, composed prindpally of ranuiU «taTf» 
introduced by the astronomer* of tho Mvontoonth and eighteenth centuries to fill iqi oertain 
vacancies between the larger constellatloua. In the following notes wo have mnfincd 
otii^elvps to ihoHv vrhU'h onntain wcll-kuown groupings of starsy or single stars of large 
magnitude, having special interest. 



ABOO ITATIB. 

The great GODildlatKni Argo NaTis^ whether we regard it on afieoani of ita nflative 
position in the southern heayens, or for the numerans stars of superior magnitude contained 

in it, holds a high place among the principal asterisras either north or south <tf the IHKiliagi 
It includes witliiii il.s Ixiuiularios two stars of tlu> firsf magnitude, five of the second, 
and ten of the tliinl, with tlie usual number of fuurtb, filth, and sixth magnitudes, all 
visible to the unassisted eye. Argo Navia, when on the upper meridiuu, between the 
south pole and the Mniih, hes Hjdm and Monoearas on the notth» Bobur Caroli on the 
east, aereial smaU oonstellations on the south, and Oanis Major and Columha Noachi on 
the west. The ship Argo has been divided hj astronomers into fuur compartments, named 
re^poctivelf the hull, the iteel, the stem or poop, and the sail. A small part of the ship's 
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poop is the only portion of tlii^ constellation which rises above the horizon of GrMt 
Britain. Cainipus, the prinripal star, is near the keel or rudder of the ship, and is 
the most westerly large object iu Argo NuvLs when between the pole and the 
cenith. 

There is one important objeot in Argo Navis, &r more intonatmg to die aatKmomer 

than the brilliancy of its individual members, known as "the great nebula in Argo." 
Since Sir John Ilerschel made a detailed drawing of it at Feldhauscn from observations 
made from 1834 to 1837, several most rernarkablo changrs hnvf ap|Nirently taken place, 
not. only in the general aspect of tlie nebula, but also in the relative positions of the 
neighbouring stars. AcMwding to that JUnstriona aatronomer, whoie obsarratioiia in 
fiouth Afrioa will go down to pooCerify as a lasting mimument of his seal and 
devotion to stellar astronomy, this wonderful nrlmla is spread over an area of at 
least a wpmro doj»rrr. atul is one of those rich and brilliant masses of roimito stars, 
a succe«.sii)ii of" wliidi contrast?! most curiously witli dark adjacent spficcs, di!itinf;;uis}u«d 
by old iia\iijalors by the uainu of coal-sacks, forming the most attractive portion of 
^6 Milky A\'uy, near Gentanrus and tlie Southern Cross. In the midst of the vast 
stratum <tf stars or nebdoua matter composing this nohnla ta Argo Natisi the 
remarkable variable star Eta Argils is situated. When Dr. Halley observed Eta 
Argfts in the year 1677, it was of the fourth mnpiitTiflc. '^^^len Sir John Herschel 
first saw it iu 16^4 it appeared between the first and second magnitudes, in which 
oooditkm it remained without any apparent change up to November, 1837. When 
oompared with other stars, it was always considered to be superior in brightness to 
Beta and Gamma Crucis, Beta ArgAs, and Pollnx, and inftrior to Alpha Gmois, 
Antarc?!, Spica, and Aldcbaran. 

"It was on tho 16th December, 1837," remarks Sir John Herschel, "that 
resuming tho photomctrieal comparisons in question, in which, according to 
regular practice, the brightest stam in sight, in whatoTor part of the hearens, 
were first noticed, end anranged on a list, my aatonishment was excited by the 
appearance of a new candidate for distinction among tho \cry brightest stars of 
till- first magnitude, in a pnrt of the luuvens with wliidi, being p«'rfV'ctly familiar, I 
was certain that no such brilliant object had hclurt- been seen. After a rnonionfnrv 
hesitation, the natural consequence of a phenomcuoa so utterly unexpected, and 
referring to a map for its configurations with the other oo!nq>ienous stam in tlie 
neighbourhood, I beoamo satisfied of its tdantity with my old aoqtwintanco Ela 
Argfis. Its light was, however, nearly tripled. While yet low it equalled Bigd, and 
when it had attained some altitude was decidedly preatcr. It \v!is far superior to 
Achernor. Fomalhaut and Alpha Gruis were at tho time not quite so high, and 
Alpha Crueis much lower, but all were fine and clear, and Eta ArgQis would not bear 
to be lowered to their standard. It very decidedly surpassed Ptaeyon, whidi was 
about tho same altitude, and was far si^rior to Aldebaran. It exceeded Botelgense; 
and the only star, Sirius and Canopus excepted, which ooold at all be compared 
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with it was Rigel, which, as I havo stated alrearly, it somewhat surpassed. From 
this time its H^'ht cfintinucd to incmipn. On tlic JSth Derrmber it was fur superior 
to £igel| and could only be oompared with Alpha C'eulauri, wliich it equalled, having 
t]ie advantBge of altitude Imt fdl somenrliat short of it u Ao altitudes approached 
eqnalitj. Hie maximum of brightness seems to have been obtained about the 2nid 
January, 1838, on which night, both stars being high, and the sky clear aod pure, it 
wa.s judged to be very np.irly indeed matched with Alplia Centami, sometimes the 
one, somrtimp^ the other, being judged brighter, but on the whole Alpha waa couBiderod 
to have soiuc little superiority. After this the light began Ui fade." 

The gradual diminution of 1h,e intrinrie light of Eta Arg&s, observed hj Sir John 
Heraehd, was only of a temporary nature, for in 1843 it again appeared brighter than 
Canopus, and at one time it oven approached Sirius in brilliancy. The attention of Sir 
John Herschel, who had returned to England, wa« first tlrawn to the renewed splendour 
of Eta Argus by the Rev. "W. S. Mackay, of the General Assembly's Mission, Calcutta, 
and subsequently by Mr. (now Sir Thomas) Maclear, the Government astronomer at the 
Cape of Good Hope. 

In a letter dated September 17, 1844, Mr. Madear, rtferring to his observations 
of this star, says "that the changes of Eta Argfis are curious, for last April 
twolvo months it seemed almost equal to Siriu*. Xow, the liirlit of the star is 
stationary, and scarcely so bright as Canopus." In 1845, although Eta ArgCls 
appeared of the fint magnitude, it evidently at that time was decUning gradually. 
!niis diminution continued lirom year to year until 1863, when it shone no birightar 
tiiaa a star of the sixth magnitude. It has remained in this condition to the preamt 
time, thus no longer point!uj» out fo the naked eye, withnut nn effort, the position of 
the great nebula in Argo. When iit its jjreatest lusirr, Kta Ar<,M*is materially interfered 
with the light of the nebula in the viciuity of the etar, and obliteruled completely 
•ome of the &inter portions of it. 

Some recent obserrations and drawings made by Hr. Abbott, at Hobart Town, 
Tasmania, of the relative positions of the principal stars in this great nebula, have 
again directed the attention of astronomers to this wonderful object. By comparing 
Mr. Abbott's drawings with that made in 1837 by Sir John Herschel, it is at once 
perceived that the poailian of the star Eta Arg(ks is very different, in. Mr. Abbott's 
delineatitm of the nebula, firom that reoorded by Sir John HersdieL In the intermediate 
time^ the form of the whole nebula appears to have undergone a complete change. 
Moreover, stars wliiili wore observed in 1834-37 seem to have Tanlshod nltogvther, 
wliilo otlurs not jitrccivcd in thoBe years have apparently oouie into existeuco. Sir 
John iicjuchel, writing ou this remarkable change in the Ibrm of the nebula, remarks 
that ** there is no phenomenon in nebulons or sidereal astronomy tiutt has yet turned 
up, presenting anything lihe the interest of this, or calculated to raise so many and 
such momentoos points for inquiry and spectilafion. Hie question here is not of 
minute variations in subordinate features^ which may or may not be attributable to 
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difibnoMB ot o|idcal powor in the tnatnuneiits tued by different obMrvera, but of a 

total change of form and character— a complete subversion of all the greatest and moat 
striking features — acpompaiiiod with an iinuoin* of relative movement between the star 
and the nebula, and of the brighter portions of the latter infrr xr, which reminds us 
more of the capricious changes of form and place in a cloud drifted by the wind, than 
of KDything beretolbre tri t n e w od ia, the (ddmaal ktavena.'* 

Attentian lieing now direoted to these FanmrkaUe ohiagea, it ia axpeeted tibat a eeriee 
of diatringa will be made, at stated intervals, by some of the astronomers at our southern 
observatories, whlih will probably increase our knowledge of the physical composition of 
this nebula, as well as settle the interesting question as to its supposed transitional state. 
As seen by the naked eye, it has been stated that the beautiful soft white light generated 
by the nebnlooe matter, may be prodnced by tlie comparatively superior magnitude of tba 
small stars within its boundaries. According to Mr. Abbots its contrasting brightncsa 
with the dark neighbouring sky is very distinctly marked ; for "on a clear, ihie night the 
object gives out fully twice a.s mucl> light as that of the great nebula, the Nubecula Major, 
and about throe times as much as the Nubecula Minor, irrespective of size. In the twilight 
it appears aa soon as a atar of the second or third magnitude, the light being white and 
more difiose^ Tery lik» a small white woolly dood on a Una sky» sea in sonlighL" In a 
drawing of this nebula, made in India m 1S()8 by Lieuft. Qersdiel, the apparent diange is 
not so great as that depicted by Mr. Abbott. 

CAKIS MAJOIL 

Gania Major, the Great Dog, ia below Orion— fiirius, tibe prinoipBl star, being reputed 

to be one of the hounds of that noted oel^tial warrior. BesideH Sirius, Canis Major 
contains several stars of the second and third magnitude, most of whicli, in the latitude 
of London, are clearly visible below Sirius, near the horizon. From the brilliancy of this 
tiue object, which is situated in the mouth of the Bog, it is scarcely possible not to identify 
it almeat at a glanee. By refisrenoe, bowerw, to other large atan, there are serml ways 
by whieh it oan ba poonted out. For example, a line drawn firom the Pleiadea through the 
three stars forming Orion's belt leads directly to it ; and, as we have abaody mentioned, it 
forms with Befelgcuse and Procyon a fair equilateral triangle. Sirius is a perfectly white 
etar, though it has been asserted that some centuries ago it had a reddish appearance. In 
the time ot Ptolemy, who flourished in tho reigns of the Eoman Emperors Adrian and 
Antoninus, Sirius was recorded of a red eolonr. That pnnoe of anciMit astronomers, in hia 
celebrated catalogue of tho fixed stars, contained in tiie Abnageri, has put down the 
following stars as being of a fiery nnl colour : Arcturus, Antares, Aldebaran, Bi iolgeuso, 
birius, and Pollux. Of these, ^Vjcturus and Anturcs have still a liery red appearance, 
Al de ha mn ia of a rose tint, Eeielgeuee and Pollux have an orange tinge, while Sirius is of 
a brilliant white. Alexander von Humboldt is of opinbn that, taking for granted that the 
colour Sirioa had (dianged at vmd tame firnn red to whiter a great physical rerolution 
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must have taken place on ilio lace, or in the photosphere oi" this tixed star, " before the 
procerss could have been disiurlxHl, by means of which the leas refrangible ray* had obtained 
the prepondenuice through the abstnwlkm or abwrptioii of other oompUmentury rays, 
ttther in the photot^ere of the «tar it«elf» or in the moving cosmical cIoud« by which it it 
surrounded." It i» to be reg^tted that, in the int<Tvul between the time of Ptolemy and 
the present day, no reference appears to have been made in hihtory or poetry to this alleged 
reiuarkjiblc change in the colour of Sirius. In the time of Tycho Brahe, however, wc may 
leuonably infer that this star was white as at present, from the following circumstance :— 
In the year 1572, a oelebrated temporary star suddenly appeared in Cassiopeia. During 
its continuance, Tjoho observed it to change in colour in a short period from a daziitling 
white to a ruddy hue, mnvparing it to the colour of Mars and Aldelwran. If at that time 
isirius had been as red as in the days of Ptolemy, it would more nalurally have been one of 
the stars of comparison, iusteud ui^ ur as wtiU as, Aldeburau, on account of its superior 
magnitude. It has, therefore^ been oonduded that the colour of this brilliant star is th« 
aame now aa in 1572, and if any change has taken place it must have been antecedent to 
date. 

The brilliant appmirancf of Sii lu^ among the stars must hnvo ntfr:i<*(f'd, in all not 
only the attention of astronomers, but also of every person w hu ih < a^i^rauily gives u ii:i->t>ing 
thought to tho wonders of tho universe above and around him. When this star wab 
made to enter the field of view of Sir William Herschel'a great forty-foot reflecting 
telescope, the glow of light, before it became visible to the observer, gave the appeanince of 
the approach of sunrise; and ^ Im n the star was fairly in the centre, the glare was always 
80 great that it was scarcely pti>-ilik 1o krrp tlic i \ f din rtn! fo it without inconvenience, 
if not actual pain. Kven in retracting teleacoi>es with largo object-gla-sws, the image of 
tins atat ia ezoeediugly bright, though not equal iu intensity to that produced irom 
r^eotion from such large pi^isfaed metallic surges as those contained in the telescopes of 
Sir William Herschcl or the Earl of Rossc. From the photometric observationa of Sir 
John TTrrsi IkI, the intensity of the light of Srnua has been found equal to 324 stars of the 

sixth in:i<^iiitu(lf. 

A most reuiark;ible scries of researches has been made on the ai)parent irregular 
motion of Siriua in the heavens. Here it will be neeemary to mration that, though the 
atara are termed '* fixed stars," yet they are only comparatively so with respect to die 
planets of our solar system. For it has been found that almost every star has its own 
peculiar motion, small indcod as it apjicnrs to us, Ijul still sufliciently large to be dptectcd 
after many years' observations with standard nn rid ional instruments. Xnw i' b fs lict n 
discovered, not very long ago, that this peculiar movement of Sirius is not regular like the 
rest of the stars, but that it is greater or lesa in different years, or in different series of 
years. The cause appeared inexplicable, till two astronomers undertook independently to 
investigate the subject by the application of the highest branches of mathematical analysis. 
It was st»on announcc<l that these irregular movements of Sirius i ould oiily hf acconnted 
tor by supposing it to be all'ected by the attra;:tiuu of some neighbouring body of suflicieut 
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BU^itnde. To deteot this body, or satclUte, was looked upon as a hopeless taik, aa it 
could only be expcoteil to be found within the bright rays of the star. However, Mr. 
Alvan Clarl:, of IJusion, United States, with a powerful idt scope of his own make, noticed 
a very small objei-t on January Ulst, 18U2, while viewing birius under very favourable 
oircumstances. After Una, aeveal MtvonooiMn in Europe and Amoioa ^to not only seen 
this small object^ hut haTO also succeeded in nueaanring its diatanoe and angle of position 
in relation to the large star. By eomparing the ob-scrvutiuns made in different years with 
the restdts deductd from theory, the agreement haa been found to be very close. It is 
therefore now believed that a planet or satellite Inis been discovered whi<"h is evidently a 
member of the iSirius system, aud that it is uf sufficient magnitude to influence the 
moTemeats of the central body. 

From the hdiaeal rising of Siriua the ancienti reckoned the dies eamkukavt, or dog> 
days. It does not, howwrer, require much acquuintanoo with astronomy to know that tho 
commoncemeTit of this sen^ion can really have but little connection with the risin«:» of Sirius, 
for in dill'ereut lutiludes the heliacal rising of that star varies considerably. There are 
other astronomical reasona which tend to show that Sinus is not guilty of the many evils 
Attributed to bis rising with the Son. As &r aa thia country is c(nioenied» the dog-days of 
the preaant generation can have no reference wbaterer to the rising of Sirius, for ulmauack- 
makers always include that usually warm period between July 3rd aud Au^u>t 11th, while 
Strius rises lielinrally on xVufjust 20th, or thirteen days after the ennclnsjnn of the do^-diiys. 
The ancients, however, believed faithfuUy in the reputed unfavourable influences of birius 
on Tsrioua kinds of diaeaaea. Tbeoa Aleixandrinua, aa aattoaMner in the oldaa time, left 
aereral pteoepta, amtrng wbieb was one to find the exact time of the Dog^atar'a rimng 
with the Sun ; twenty days before which, and twenty daya after, included the period of 
OKtEeme heat, hydrophobia, and other evila." 

CAKIS MINOR. 

Canis Minor, the IjeaMr Dog, ia aouth of Gemini, weat of Hydra, and north*east of 

Canis Major, the Milky "Way paning between it and the last-mentioned constellation. 
Canis Minor liris always been regarded with pi'out popular interest. In ancient times 
Prucyoii, th? prim-ipnl star in Cunis Minor, \v;is ciillrd the Precursor Dog, from its appearing 
in the morning dawn shortly before iSirius. Among the Arubiaos it was recognised not 
only as the forerunser of the Dog-star, but aa the bright star of Syria, aa well aa of the 
Leaaer Bog. This intereat of former agea evidently deaoended to the aatnilogera of htter 
timea, one of whom, Leonard Diggcs, bus remarked, " "What meteoroscoper, yea, who 
learned in matters astronomical, iiotrth not the prcnt rfTrfts at the rising of the starre 
called the Litel Uogge Y" I'rocyon is of the tii-st magnitude, and is situated in the centre 
of the body of the animaL In the diagrams of the sky of &e northern hemisphere, it «• 
eaaily fbond, being bdow Caator and PoUuz. It ia alao one of the atais fbrmiag tho 
triaagb widi Striaa and Betelgeuae already alluded to. Another way of pointing out 
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T*rQepm is hy dnwing a line from tihe tbree «t«n in Orion's bdt to Siniu, then one 
perpendicularly raised over the latter star will pass through Pkocyon towards the nor^. 
This alignment has been put into rhyme thus: — 

"Orioir* bflt from Taurus' cyo 
J/TAils down to iSiriun bright ; 
}Iis Kpnuilin^ KhoiiMrni guide you east| 
'liovi- rrucjou's pk-ahing light." 

Canis Minor contains Init fow prominent stars. Beta Canis Minoris, to the went of 
Procynn, is ul" the third magnitude; the remainder are all of inferior lustre. Ptolemy 
recorded the positious of only two stars in Canis Minor, Tycho Brah^ and Kepler five. 
Bode's Atlas contains fifty-five, the majority of which are, however, telesoopio. 

CENTAUllUS. 

The name of Centaurus, one of tlie ancient asteriBms, is supposed to have been derived 
from the sons of Ixion, who were fabulously represented as half men and half horses. This 
eonstellation ia partly visihie above the south horiaon of London, but its principsl stars are 
only seen in more southern latitudes. It is hounded on the north by Hydra, on the east 
by Lupus, on the south by Crux Australia, and on the west by Robur Caroli, or King 
Charles's Ouk. Centaurus contains more than an average number of bright stars, two of 
the first magnitude, one of the second, six of the third, and a good number of the fourth. 
They are aU iniduded in the most brilliant portion of ihe southern sky. Alpha and Beta 
Osatauri, in the fere-feet of the Centaur, oontribute in no small degree to this brilltaney. 
Alpha Oentauri, in the right fore-foot, is a most cele1)rat(<<l double and binary star, and is 
one of the nearest to our solar system. In the infancy of tt'k-sropps, ^vLcn their optical 
power was s^mall, tliis object was only seen us u hingle star; tor Kirlier observed it at 
Cayenne in 1673, and Hailey at St. Helena in 1677, M'ithout mentioning its duplicity. A 
sotentifio Fkeneh traveller, IL Louis Feoill6e, was the first peraon who saw the star divided 
into twa In the journal of his observations made in South Amerioa, he states that, being 
at Concepcion, in Chili, in JiJy, 1709, " I observed, with a telescope of eighteen feet focal 
length, the ntar of the first Tnugnitude which is in the nortberii fore-foot of Centannis ; 1 
found this star com]K>«ied of two, of which one is of the third, and the other of the fourth 
magnitude. That of the fourth magnitude is the more westerly, and their distance is equal 
to a diameter of that stsr." It is reooided in the PkOoMtphieat Trtuuadioiu fer 1749, that 
M. La Condamine also saw this star double whilst on a scientific expedition to Peru, for the 
purpose of measuring the exact value of an equatorial arc of the meridian. La Condamine 
states that Alpha Ccntauri rivals Capella in splendour and magnitude ; and, with a small 
telescope of three i'eet focal lengtii, it appeared double, consisting of two stars, of which the 
lesser seemed to enmge from the greater. With die improved aohromatto astronomical 
teleaeopBs of the present day, the two stsrs appear sefiarated by a very appreiuable angular 
distance. Mr. IKinUip, at Paramattit, New South Wales, feund this distance in 1825 to bo 
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equal to 25". Yearly observations showed tliat the space between the two stars was 
diminishing at the rate of half a second pf»r yenr. At present it is no more than nboiit 7". 
These stated comparisons show that the two objects are physically coimectedj and that they 
form one of the most inteneting of fhe binuy vtan. 

BxtenstTe aericfl of obMnrationi lure been made at the Boyal Observatory, Gape 
of Good Hope, by two saccessiye astronomers, Messrs. Henderson and Mucloar, for tlie 
purpose of (Ictcrmnuiig tlic anniKil parallax of Alpha Centauri, from which has bufti 
deduced it« approximate distance from the Karth. It w as found, without much probability 
of error, that the amount of the a^iparent displacement of thi« star in the heavens, 
praduoed by parallax wlien. Tiewed from opporite parte of tke Enrdi'f otbity is neatly 
one Noond of are. From, thia value it has been determined that the dirtance of 
Alpha Centauri, probably the nearest fixed star to our solar Hystt in, is more than two 
hundred thoiiniiritl times greater than that of the Earth from (he Sun. We know 
with tolcrahle ccrfninty that the latter distance is about ninety-two millions of 
miles; but to ascertain that of the star, it is nm^ssary to multiply tb^c numbers 
by 200,000. It is quite impossible for oidinaiy minds to gra-ip such immense 
dtstanoee in fignxesi bat if we w«re to oompute the ttme required for light to pass 
from the star to the Earth, or fyt an express train, with no stoppages, to traTone 
that vast interval of space, some slight idea may be gathered of the enormous 
distance of this nearest of the stars. From the most recent investigations, it has been 
found that light travela at the rate of about 18^,000 miles a second, passing through 
the intrnmediate space between the Earth and Sun in 8^ 18*. By a simple oompu- 
tation, any one may be able to find that, even at this tremendous velocity, light 
will take up\var(Is of three years to reach the E;irth after it has been emitted 
by this star. An express (rain, travelling with a speed of sixty miles an hour, would not 
arnvc at the end of such a journey before thirty-five millions of years had passed away. 

The intrinsic light cast upon Ibe EartlL by Ibe largest of die fixed etars* heart no 
oompanbon with that <tf the fbU Moon. Bevend nmet interesting photometric e^ierimente 
were made by Sir John Herschel at Feldhausen, near Cape Town, on the relative light of 
the principol stnrs, especially on that of Alpha Centauri, in comparison with the light of 
the full Moon. iSir John Uerschel found that the full lunar light exceeded that of Alpha 
Centauri in the proportion of 27,408 to 1. Dr. Wolloston had previously found that tho 
proportion of the Snn'a light to that of the fUl Moon equaiUed 801,073 to 1. Hence the 
light sent to us by the Sun is twenty-two ihouaand million timea greater than that 
reaching the Earth from the star. But if we were to assume that our Sim and Alpha 
Centauri were equally distant from us, the intensity of the star's light wmild bo nearly two 
and a half times more brilliant than that proceeding from our central luminary. The 
results of these obaervationa of Sir John Hersdiel and Dr. Wollaston cannot fiil to giTO us 
some eonoeptioii of the immenwe magnitude and intrinno brilliancy of the thousands of 
steUar auns visible to us one -very dondless night. 
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CETUS. 

Ccdis, till' THuili', i«: soutTi of Aril s and Pisces, west of Erulunns, Orion, and Tannic, 
eaat of Aquarius, and north of iStulptor and other small constellations. Oetns i*? very 
extensive, amd ia one of the old standard forty-eight ast<?ri8m8. It contains three hundred 
Stan of niffioient magnitude to \» included in Bode's Atlas. Alpha Ceti, or Henkar, and 
Beta Ceti» or Diphda, are tlie principal stare. They are, howerer, widely separated, 
3Irnkar being near the eastern portion of the constellation, and Diphda the western. The 
iiuh x-mnps will point out the relative positions of these objects; but, by slar-altgnment, a 
line drawn from Pollux to Aldcbnrnn, and then carried forward nearly as fur again, will 
pass close to Mcukar, in the head of the A\'hale. Or, according to the rhymester:— 

"Toim^w t!i liM.li' stnr in tlio Whal«, 
The luwor JAW which decks ; 
Tnm fiitr Capelh send * gianee 

Through Pkiad's bonlcaas »]x:ek* ; 
And hMr fn mind thi« cliutiFr fiop, 

S(i ;( i liiiiralily SO'T), 
From C'ctus' head to th« Charioteer, 
Lie* jut haV-way betwna." 

A very remarkable variable star is to be found in this const cllntinn, known bj' tho 
name of Mira Ceti. The variation in lustre of this star w^as first noticed by David 
Fabricioe, in 1596. It retains it« naximam brightneas during fourteen days, and ia then 
of the aeeond magnitude. Ite light afterwarda gradually deereaees for about three months, 
when it incomes not only invisible to the naked eye, but also when looked for with the 
largest teksoojxs. It remains invisible duriiis five iii'Hitlis, then rrnpprnrs as a minute 
telescopic object, and afterwards increases gradually for three inonths, when it again 
attains its maximum splendour. The time of its period from maximum to maximum is 
about 331 days. The greatest lustre of this curious star has bem found to be not always 
the same ; it is usually equal to the second magnitude^ bat, occasionally, it has been 
recorded that at its maximum it has appeared only of the fourth magnitude. In 1T99, 
according to Humboldt, its light shone with an intensity nearly equal to that of stars 
of the first class, in fact scarcely inierior to Aldebaran. This object is one of the most 
intmsting of the Tsriable irtars, as may be faiftned ftoni the sjipellBtiaB "by u^eh it is 
diatinguishedf Mira, or the wonderful star. 

COLUHBA NOACHI. 

This cottstellation, instituted by Royer in 1679, is of small extent, but it oontains a 
few bright stare. Alpha Oolumbtt is of the seoond magnitude!. Tliis star can be seen, in 
the latitude of London^ yeiy near the south horison when on the meridian. It ia Tisible 
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direody below Lepus. Colamba lies west of Argo Navis mul Canis lilajor. lu the 
southern hcmispliero, its principal stars arc therefore very favourably Bituated, passing the 
meridian iu or near the zenith. This small constellation contains about twenty-six stars 
clearly vuiUe witlioirt tdeMopie aid. 

OORVUS. 

Carrwy the Croir, u also • mnll oonsteUation. The bird is nip|MMed to rest on the 
body of HydzB, a port of vhieh is indnded in this asterism. Cor^'us is one of the ancient 

constfllated groups, and it can rendily be made oni in the hcaven^^ l>y it-^ fi>nr stars of about 
the third magnitude in a district not very rich in large stars. It cuutains about ten stars 
TisiUe to the unassisted eye. A long line drawn from Yega through Spica carried farther 
<m aboat fifteen degreee^ paeaee throttgih fhe taat etan by vbidi Coryus ie genenllj 
dittrnguulud. Or— 

"Mark ill tin- s|<;i..j along the akjt 
WhtTc Hydra's vu1iuu«sh mn. 
Ami 'twixt the Cap and Yfagin's ipika^ 
Voa'll find ths Bstcb's aqiuM," 

CRATER. 

Like Corvus, Crater, the Cup. is 8itu:ite<I on the back of Hydra, its funn being easily 
made out by a number of stui-s of about the fourth magnitude. Craft r lios cast and north 
of Hydra, west of Corvus, and south of Virgo. It is one of tlie old constellations. 
Ftolemy^a catalogiw oontaine aemi stars in Crater. 

CRUX AtJSTRALIS. 

Crux Australia, or the Southern Cross, although the subject of universal attraction to 
all star-gasen south of ihe equater, is a Tsiy sniall eoaistoUation. Taken by itself away 
finm tihe briUianey of tbo nsigbbonring sl^, ainoh of its attraction would disappear. Ths 

upper and lower stars heiag of similar right ascension, they are alw-uys on the meridian 
about the same time, nnd consequently wrre, like the pointers in Ui-sa Major, to indicate 
the approximate position of the south pole, which is distant about 27° 38' from the largest 
and nearest star in tbe Cross. At and south of ti»o equator this constellation can be well 
seen, while in tbe latitude of 34' S. it never aets below the horiaon. It is, ther^ore, always 
visible at fhe Cape of Go<xl Hope, Australia, etc., just in the same manner as the Great 
Bear never sct.s at Louilon, There was a time, nearly five tliousand yonr; ng^o, when the 
Southern Cross wan visiblo oven from the shores of the Baltic, but at too low an clrvation 
to be very distinctly seen. At the present time it is annually receding from the south pole 
by a small but regular quantity, and tbe day will probubly again eone, at a distant age, 
when it will reappear abore the horison of Europe. 

In a fenntt chapter we have- alluded to the interesting first i m p r es ai ons which the 
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eight of this well-known group of stars makea on the mind of the traveller on passing from 
tho northern to tlie southern htuiisphere. Those recorded by JIM. Von Spix and Karl 
Von Martiufl, in their account of their scientific travels in Brazil, in 1817-1820, give a 
very fair specimen of the feelings experienced on these occasions. It is related by them 
that " on tho 15th of June, in latitude 14" S., we beheld for the first time that glorious 
constellation of tho southern heavens, the Cross, which is to naNngators a token of peace, 
and, according to its position, indicates tho hours of tho night. We had long wished for 
this constellation as a guide to the other hemisphere; we therefore felt inexpressible 
pleasure when we perceived it in the resplendent firmament. We all contemplated it with 
feelings of profound devotion, as a tj'pe of our salvation ; but the mind was especially 
elevated at the sight of it, by the reflection that even into the region which this beautiful 
constellation illumines, under the significant name of the Cross, the Kuropeon has carried 
the noblest attributes of Christianity, and, impelled by the most exalted feelings, endeavours 
to spread them more and more extensively in the remotest regions." The scientific 
Humboldt has expressed his thoughts in almost similar terms. Beferring to his first view 



THR C'UNaliUXAriU.S UF lUK fiUt lUlvK.N CUOW. 

of the constellation, he observes that, " "We saw distinctly, for the first time, the Crow of 
the South, on tho night of the fourth and fifth of July, in tho sixteenth degree of latitude ; 
it was strongly inclined, and oppcarcd from time to time between the clouds, the centre of 
which, furrowed by uncondensed lightnings, reflected a silver light. The pleasure felt on 
discovering the Southern Cross was warmly shared by such of the crew as had lived in the 
colonies. In the solitude of (he seas we hail o star as a frit^nd, from whom we have been 
long separated. Among the Portuguese and the Spaniards, peculiar motives seem to increase 
this feeling; a religious sentiment attaches them to a constellation, tho form of which 
recalls the sign of the faith planfwl by their ancestors in the deserts of the New World." 
Poets, as well as travellers, have also exercised their imaginative powers on so inviting a 
theme as that presented to them by the congregation of so much stellar beauty in the 
limited region iu and around the neighbourhood of the Southern Cross. Even Dante 
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ftppean to btm "had mum dim kmndedge of the ttirfanoB of iheM tlttr^ ilCbovgh h« 
flonriahed long befofe tlio date of Tmco da Gama'a fomous ezpeditioa to tha Indm. In 
his Dirma CbmaMdw tbe IbUowing pa»ago poMiUy dludM to thk conttoHationt-" 

**To tlM lifikt buid I tamed, nd fixM iny mind 

Oil til,- othi>r ]to\e iitttnlivc, where 1 iww 
Four stjti.s iir'i-r »tfn bi-forc, save by the ken 

Of our first parentH. Hfnreii of tln vr nijs 
Seemed joyous. O than norUteni vite ! berrft 

Indeed, atid widow'd limM of these depriTed." 

On first thoughts, tlie above extract may appear to be simply a poetic fancy ; but a 
little coDsidcratiou will show that a vague tradition may have reached Europe, anterior to 
tile tine of Ooato^ of tha ezutenea of other hright odevtial objects hesidee thoae visible in 
the northern heaveiii. It ia a iaet, not to be disputed, that the Arah^, from the time of 
Mohammed down to a period contemporaneous with that when Dante flourishrd, worn 
conversant with astronomy in no small dcrjroo, anrl that, from the wandering* habits of the 
Arabs, it ia very probable that their personal knowledge of the principal stars extended 
oonsiderably south of the hottaon of the Mediterraneaiit or of Amhia. The "fimr stars 
na^er aeen befiHra ** nay, or may not, be identieal with the four ehief stars in the Bouthem 
Cross. If not, possibly they may refer to Oanopus, Aehernar, Alpha and Beta Ccntauri, all 
ptars of tlio first magnitude ; or perhaps, as wc have stated above, the idea lia.s resulted 
from a pooticiil fancy with which, in modern timrs, has hern nssociated the Southern Cross. 
Many are inclined lo believe that the last interpretution the true one; but there are aleio 
many who think that a traditional knowledge of the existenoe of other large stars, unseen 
by the inhabitants ot Bunpe, had been imported into northern oonntrisa by the wandering 
Aiaba of Africa. 

ERIDANUS. 

Although Fluvius Eridanxis, or the lliver Endanufl, is an immense constcllutiuu, 
mtending firom Orion in the east, to Getus in the west^ and to a point oonsidenibly below 
the horizon of London, it eont«ns but very few pvominent stars visible in northern 

latitudes. Its principal star, Achcmar, i^ however, a brOfiant member of the first-class 
stars visible in tlie southern hemisphere. Beta Eridnni, the second star, if« of the third 
magnitude, and is near the south-western confines of Orion, uorth-west of lligcl, in the 
dirsetton tii Aldebatnn. 

Eridanus is one of the andent oonsteOaiions, thirty-four stars being tnduded in the 
catalogue of Ptolemy. When this ri\ \ r was placed among the stars, it was intended by the 
^^yP*'*^' to tj'pify the sacred Nile, but flie Cnciks gave it the name of Kridanus. 
Pttilemy, however, tenns it merely as the usterism of flie river. This constellation has 
oecasionally been represented as a reclining female, and in the ancient manuscript 
of Cieero's Anttugf it is made to assume the form of a rtvar-god, with his nm and other 
aquatic apparatus. In aU eeleatial maps and ^hes nt a oomparativdy modem date, 
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Kridaima is represented as u winding river, rommnnrin*' in ihv w« stem foot of Orion, and 
terminating near the con£tellation Fha-nix, the brilliant star Achernar maricing the 
aoutlwni botuidiiij of the rirw. 

HYDRA. 

Ilydrn, f«oniotimc8 cnllod Spr|)rnR Aqimtiruf, tho Water Snake, is nno of thp lon<»e8t 
coDstellatioiu either iu the northern or aoutheru heioi«pherefl. It extends more than one 
hundnd diB groea fronn mit to wA, the haed of the reptile being loaih ti Oasm&t end irwt 
of Sextans. Its body takes a winding ooarae eastward bslow Leo and Virgo^ as fiur as 
Libra. Ilydru proper inclti lt > tlu stnall asterisnos of Crater and Corrna^ a anbdivision 

wluL-h is fomi<! convf^nient. Tho different srrtions arc fjenerally known, one as TTydra, 
thrn II\ih;i ct Cratt r, TTvdra ot Corviis, ami a^aiii JI\(lia. Admiral Smyth filiMTvcs tliiit 
•* mythology culls it the Lerna an serjK-ul ; lawr astrologtijh, takiug the uume literally, see 
in Hydni the flood, in Gorrus Noah'a nTSO, and in Grater the oup out of which the 
patnardi sinned with the juice of the grape." The principal star in this straggling 
conatcllution is Alphurd, or Alpha Ilydne, of the s{ < uiid magnitude, placed in a district 
where there a to(n! ah*ienco of larcjo stars. Tliis dearth of objects, greater than th© 
fourth magnitude, gives Alphard much more prominence in the hcuveiu than it is fairiy 
entit]ed to. It it, however, situated in the heart of the serpent, and is known sometimes 
aa Cor Hydne. Its position in the heavens is Tery easily detected, first by its isolated 
apjH arance ; secondly liy drawing a line from the nest two stars to tho PoitttWB in 
Ursii Major, southwards through Gamma Loouis and fiegulus in the Sickle; and thirdly by 
the aid of the astroaouucal rhymester. 

** Tliro' ( anccr» »i|fn, whf*nfe nr< bright sttn 
DiRtingtiiiih'd liKht iut{Mirt, 
Polliu innn CmUw Iwd* yen down 
To hidmoi Hjrdn's hcut." 

LEPUS. 

Lspns, the Hare, yAu Orion on the south, and although it is a small constellatioii, 

yet it is om of the original forty-eight asterisms of the ancients. It is said to have 
been placed in the heavens immediately below Orion as an emblem of caution and 
quickness of movement. Its principal star. Alpha L<>poris, is in the body of the 
animal, the position of its ears buiug iudicati <l by four smalh r .stars just below Higel. 

Ortoa'* iuia^c, on tko toutli Uiut four ntnn — sniall but Uit ; 
That igm quadrilstml pMuta ont timid Hate." 

LUPU& 

Lupus, the Wolf, contatm several stars of the third magnitude^ but they are so 

intermixed with others belonging to Centaurus, that it is not easy to separate the two 

oonatellations. Lupus is one of the asterianu known to tho ancientaii and some of its 
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ftm STB TuiUe in ilw laiitiicle of Loodoa when near the meridian. It has Centaurus 
on the louflL mnd wmt, Soorpb on tlie nortb, tad Sooipio and An cm ihe eaat.' 
Lupu u goMtaUy reprBMnted in advmoe of Centrartts, wlko ii pricking tlie Wolf with 
n tipen. 

ORIOy. 

Orion is perhaps the huest agglomeration of stars to bo found in any portion of 
the heavsna. It is alio ona of tha beat known of the oonatellatioiw. Its Ibnn is 
tomeihittg <rf a qaadrilateral, in the eentre of whieh are time state of the seoond 

magnitude!^ known as Orion's belt. These three stars have heen also designatod as the 

gold gTHiTis or spangles of the belt ; but in former times they received the names of 
Jacob's tStatf', tho Golden Yard of Seamen, tho Three Kings of Soothsayers, besides 
ssTwal others. They point on the one side to the bright star Sinus, and on the 
other to the red stsr Akkbaran, and the Fkaadea. Betelgense and IUgel» two of the 
stars in the quadrilateral, are of the first magnitude. In this oonstellation* about one 
hiiiiclrt'<l sfars aro vi'sihlo to the naked ryr, nono of wlilcli arc smaller than the 
sixth and a halt" iniigiiitiule. Exrrpting Wir two most brilliant, there are four stard 
of the second, and hve less than the second, but greater than tho fourth magnitude. 
Orion can be seen all weft the world, and is a fhvourita constsllatiom in all countries. 
Its figursi, hdt> and pendente as marked out by the stars, oaose it to be easily 
leoognised. 

Orion has hoon mentione<l hy name by several of tho old Gm-k and Tloman 
writers. Modern hero-worship has been carried to such an extent that it has been 
suggested to change this name for that of noted indi\'idual8. For instance, in our 
own country it has been proposed to give the constellation the name of Nelson; 
while in 1807 the University of Leipeic actually resdved that all the stars forming the 
belt and sword of Orion should henceforth be known only by the name of Napoleon. 
The oH appellation is, howevrr, too much enfrrflfted into tho minds of all to permit 
a change of this kind, and tho name of Orion will most probably bo retained for 
many ages to come. Admiral Smyth, so well known as an amatew astnooaer and 
antiquarian, has remanked that "both the fieptuagint and the Vulgate call it Orion, 
accor<ling to the Greeks and Romans. It is mentioned in Job, Esekiel, and Amos ; 
and some persist that it represented Nimrod, an might}' a hunter as Orion, and the 
author of the post-diluvian heresy. From his terrible and threatening gesture, as 
much as from his time of rising, ho was held to portend tempests and misi'ortuno, and 
was therefbire much dreaded by the mariners of yore.*' 

A small quadnple star, Th(>tu Ononia, visible as one object below the belt of 
Orion, is the centre of one of the finest nebulae in tho heavens. When viewed 
thronph n telescope, this wonderful nebula has been likened to a fish's head, to which 
it certainly bears a resemblance. With a twenty-foot reflecting teleacope at Slough, 
Sir John Hersohel oouM not oompaie it to anything better than a curdling liquid, or 
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a surface strewed over with flocks of wool, or to the br(>akiiig up of a markercl «ky. 
It also appeared to him that the mottling of the disk of the Sun is something 
similar to this great nebula, although the granular look wus decidedly coarser, and the 
intervals darker. The woolly flocks, instead of being round, were drawn into little 
wisps. No trace, however, could be perceived of ita being composed of stars, the 
aspect being altogether different from that of the nebuluD which have been Resolved 
into stars. The Eorl of Rosse, with a telescope still more powerful, has seen little 
more than that described by Sir John Ilcrschcl. The light of this nebula has been 
examined with the spectroscope by Mr. Huggins, who found that, after passing through 
the prisms, it remained concentrated into a spectrum of three bright lines. Jiieut. 
John Herschel has since detected a fourth line in the more refrangible part of the 
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spectrum, but it is extremely faint. lie also saw slight indications of a continuous 
spectrum. The existence of a fourth lino haa been confirmed by Lord Rosse and 
others. A spectrum of this kind is known to be exhibited only when matter in a 
gaseous state is rendered luminous by heut. From the positions of the four bright 
lines in the spectrum, it has been inferred with great probability that hydrogen and 
nitrogen, with a third substance not yet recognised, are present in the great nebula 
in Orion and in other nebula) exhibiting a similar spectrum 

Brilliant as the constellation Taurus is with respect to the number of visible stars, 
it cannot in any way equal Orion for the magnitude of its components. In the 
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latter, tlie universally known three stars in llu> hclt shine conspicuously by reason of 
their close relationsVn'p well as by their eijuul lustre. If to these we add the four 
forming the quodniutcTul of Orion, we have the most attractive stellar group to bo 
fiMind in tiw tky 'vinUft in Ennvpe. BotelgeuM and Bigel m two of oar brig^tflat 
•ten. Bdlfttriz ud llie fhxee glittering gems in belt htb a magnitado amaUer. 

In the pnoeding diagram, we have given a representation of Orion, including the 
names of all its principal Tiiembors, in order that the render may Ix' uhle to malcc hinm-lf 
acquaiattjd with the individuul stars of this favourite proup as they appear in the sky. It 
will be perceived, by an inspection of the diagram, tliut tltc great brilliancy of the group 
eonaiate in tiie quadrilateral and ita incloeorea, whioli unitedly form ao great a ecmtraet to 
the rarroimding space, in whi^ tiie paucity of stars is rery maAeAf eapedally to the eaat* 
or left-hand .side of the diagram occupied by Monoceros. The poaitioiu of the principal 
stars in tlie spnbolical figure of Orion nre as follows: — Betelgpuac on the rif»ht shoulder, 
Bellatriz on the left shoulder, Kigcl on the lefl ankle, Kappa on the right knee, and the 
ibiee Rtan Delta, Epsilon, and Zeta on tJie giidb or belt around 1^ waiet of the giant 
warrior. 

In ancient times the positions of the principel etan only were recorded. Ptoleniyf 
however, includes thirty-eight in his catalocrtic; Flanisteed increa.se<l the iiuiuImt to 
seventy-eight ; and liode, by inserting" a smaller clasa of objects, lias given the positions of 
three hundred and four. Thiu last number expresses but very feebly what can be seen 
even in matt tdeeoopea, Ibr it haa been asserted tbat tbe Capuchin da BhMta* with a 
binoenlar instnioisnt» connted more than two thonsend minute otjeeta witliin the 
bonndariea of Orion. 

PI8CI8 AUSTBALIS. . 

Piscis Australis, the Southern Fish, i^ a small constcUatiuu south ui' Aquarius. It is 
one of ^e ancient forty-eight asteriams, and is distinguished principally by the brilliant 
star Fomalhant in &e mouth of the fish. In the autumn ereninge Fomdhaut is a marked 

object even in the latitude of Loudon, although there it is only seen at eight degrees above 
the horizon. In more southern latitudes it is one of the most prominent objects. At the 
Cape of Good Uope^ Australia, and in similar latitudes, it passes tbe meridian within a tew 
degrssa of the aenith. 

TOrCANA. 

Toucana, the American Goose, is a small circumpolar constellation f^ituii'f^l nearly 
in oppoHition to Crux Australis, in relation to the south pole, the intervening »piice 
between these two ustcrisms being remarkable fur the almost perfect absence of any 
•tar of reaaraaUe magnitude. "Whm between tiie aenith ot our sonthem cokoies and 
the poIs!, Touoana has Pbcenin and Orus on the north, Favo and Indus on the west, 
HydruB on the south, and Eridanus on the east The brilliant star Achemar, which 
marks the southern extramity of Eridanus^ is near the tail of the bird; and almost 
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duo west of it, all the principal t in Toucana may be detected in the August 
diagram of the sky of the Houtln ru htinisphprr, looktiis' south. This ooni9(iHatioii is 
on the Antarctic circle, uud contaius about niue stars visible to the uimstiist^'d eye. 
The largMty Alpha Toucanac, is about the tiiiid magnttudle. Being so near the south 
pdh^ ToncuM) in oonmi<Bi with all the cooateUations in thia portion of the aeuthem 
heaven^ was unknown to ibe andenta. 

TRIA> (. I LUM AUSTRALTS. 

Triangulum Au*;trulia, the Southern Tri;<iiL!:lc, is of sinall extt-nf, Lut its three 
principal star.■^, to wliich the asterism owes its lunuc, are very jjiouiiueut, and are 
I'requently culkd "the tiianglo stars." Although this constellatiuu cousitits of very 
few objects, yet its principal star is of the second magnitude^ while the other two are 
of the third. Thejr cen be easily identified between Bi^to and the two height stars in 
the foT«-feet of the Centaur. Their positions are always girai in the indiUC-niaps. 
Eetwoon the Triangle and Alpha and Beta Cpntauri, Circinus, or fht> Cfimpassea, hm 
been inserted by the modem constellation-makers, and another small asterism, Apus 
Indica, or tho Bird of Paradise, has been form^ out of the few stars between 
Triangulum and the pole. Like Toucana, this eonstdlation is situated on the Antarctic 
cijrcleu 

The remaining const fllations south of (he zodinp have not any spfcial intetRst 
attaching to them, although several of them contain stars of the second aud third 
magnitudes. Three of thoa stare are pronunent isdated objects, and are very easily 
detected in the heavens. Tb^ are reqwctiTely the prineipBl stars in Gms, or the 
Cranc^ Favo, or the Peacock, aud Photuix* Dcnado, or the Sword Fish, Ara, or the 
Altar, Indu?, or tlii> Indian, and a few others, havo sorend moderately bright stai^ 
bat none of them exceed the third magnitude. 
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** ITow distmnf sAnif .if iho nocturnal siin» ! 
So distanc, mys thr sngc, 'tw«rv not olMunl 
To doubt, if VeHH wt «Bt «t Vftton'i Uitk 

Arf yet arrirtHl at Ihi"! sn forfipn world ; 
Though uottuog bait m rapid aa thoir flight." 

YODMO. 
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THE VIA LACTEA, OA MILKY WAY. 

B^ShE course of the Via Lactea, or Milky Way, is generally laid down with great 

H9(He9 precision in all celestial tnu{)S, but tlie reader will ul" ) able to gutbcr some idea 
of its position, in relation to tbc stars, by the scries of diagrams ilhisf rating former 
cbapters uf tliid work. This very remarkable nebulosity ext«nds over a vast portion of the 
celestial sphere, diverging, at « entain point, into two bvaiiolMi«irliidi dWwardB ve-unito. 
To the eye it haa the general appeoranee of a diffused milky light, but of Tariahle intensity. 
Whttl viewed, however, with a very powerfhl tdesoope, it is seen to consist of innumerable 
stars, BO crowtltd together, at sucli immcnso distances from us, that tbtir combim rt lif»bt 
only prodn! I's to the naked eye that nebnlous nppcarance by which it is distinf^iUHlied. Tlie 
Milky "VV ay la inclined to the celestial equator about sixty-three degrees, which it intersects 
in the consteTlatiom Ubaoeeros and Aquila. Its hresdth is very irregular, in some parts 
being only three or fosr degrees wide, while in othera itsprsttds over fiom twelve to sixteen 
degrees. Starting northwards from the constellation Scorpio, it traverses in sucoesskm 
Aqiiibi, Yiilpeeiila, Cygnus, OsHsiopda, Perseus, Auriga, between the feet of Gemini and 
the horns of Taurus, and then over the club of Orion to Monoccros and Canis Major. From 
Canis Major, it enters Argo I^avis nearly on the southern tropic, soon after which it 
desoeods bdow the horizon of London. Here it anbdivides, but the principal stresm 
diffuses it«elf broadly, and then assomasa ikn-sbflpe Appearance. A wide gap take^i jiluce 
at this point, but the Milky Way recommences with a wiiiiilar fan-like assemblage of 
brancbcf, which all meet at no great distance (nnn the grt at nebula fn Argo Navis, After 
crossing the hind feet of Centaurua, it enters Crux Austrulis by a narrow kind of isthmus, 
wben it scion expands, inclosing most of tluloonatdhllon. The jubalosily is ben ssoeed- 
ingly intense. Leering this Attractive portion of ihe aonthem s^, it paasss onwards 
first over the two chief stars in CentaonSi then through Ara, Scorpio, Sagittarius, into 
Aquila, where one of the most conspicuous parts of the Milky Way visible in Great Britain 
is situated. The two Magellanic cloud's, the positions of which are indicated in the 
diagrams, arc apparently composed of the same materials as those forming the Miiky Way. 
They appear as ill-defined pntcbes of ictesolvaUe nehuhe, of nebol» capable of being 
partially resolved, and of otbets which can be easily nimmV into periect itank like 
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portkllS of tlie Milky 'W'ay. T)wy are of an oval form, situated in a locality by no 
inonns rich in ^^nrn iilwve tlic sixth magnitude. Thc80 nobuloiis rlmuls mc difitinctly 
visible on clear moonless nights, but the position ol' tL© Nubecula ilujor can be observed 
with tho unassisted cyo even at full Moon. Fnna the earlicrt ages the Milkj Way liM 
naintatned the rame relative poaition in the heavena with respect to the etan. 

The multitti lf of minute objeets seen In t!ie Milky Way through aaoh instruracnts 
aa Sir William Ilerschcl's f()rty-foot refleetinf; telescope, or with the utill prcator reflector 
of the Karl of l^i^sp, is one of the mn^f marvellous exhiliitinns of stcllur glory with which 
we are acqmiinted. Un auch occasions the stars are scattered over the field of view like 
glittering dost on the dark ground of the eky. From thia we can clearly nnderatand that 
the poet MUton was not writing pure imaginative thonghta when he explained this odeetial 
girdle a»— 

" A ltrn«il niKl Ample roa<l, whns«! <!u»t i» gulU 
Au<l |invi'tnfiit Ktiirs, ns aUn lo t)if<> uppmr, 
Bwn in tiw galAcy> that milky my, 
Wbkli nii^ly, M « flittling waiut, th«a tteti 
rmirilw'd with itan." 

The Tariahility of the light of the Milky Way can he peroeived in a moment on any 

iiaar moonless night, when favourably situated iu the visible sky. The most brilliant 
part of the northern hnlf is thiit wliich passes throu;,'li Aijuila and Cygnus; but this is 
exceeded iu the southern hemisphere, where the maguiliccnco of the Via Lactea is 
considei-ubly heightened by the proximity of a large number of very conspicuous stars, 
indnding thoee in Scorpio^ CSentanroa, Crux Auatmlii, or the Southern Crow, and others. 
Humboldt noticed that if, in some large portions of the Mil^ Way, the light ia unifonnly 
distributed, there come imraediutcly afterwards other regions where the most brilliant 
parts alternato with (ttliers rompanittvely free from Rfurs, pving the appearance of an 
irregular luminous celestial network. In. certain portions of this remarkable nebulosity, 
perfectly obscure ptaoes are found in which it ia impossible to disooTsor a single object, even 
down to the eighteenth or twentieth magnitude. For example. Sir John Herseliel has 
remarked, that in the midst of a brilliant part of tho Milky Way, near the Southsm 
Cross, " surroHudcd Ity it on all sides, and oet upying nhoiit half its breadth, ocpiirs a 
singular flark, pear-shaped viuanry, so conspifunus and remarkable as to attract the 
notice of the mml su][K>rticial gazer, and to liave acq^uired among the etiriy southern 
navigators the uncouth hut expressive appellatfam of tt^e MsA^acjlr. In this vacancy, 
which is about eight degrees in leugtfa, and five degrees broad, only one very small star 
visible to the naked eye occurs, though it is far from devoid of telescopic stars, so that 
its sti'iking blackness is simply duo to the eflBeot of contrast with the brilliant ground 
with which it i« on all sides surrounded." 

When we consider that the greatest number of stars vbible at any one time above the 
hcriaon is no more than two thousand, including every star as lar aa the sixth magnitadoi 
it seems almost marvellous that if we were to count the same nnmher of Stars in the 

Milky Way we should discover that they would be contained in a very small square space 
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of tluB luminous stratum. For instance, Sir Willium Herschel found that, in a pnrt of the 
galaxy wbertj the sUrs were most thiuly scuttertxl, eighty objecta were, on an average, 
included at once in the field of view of his great telescope. Without moving his instrument, 
and limply alloiriag tbe atar* to paw acroM the field by tlie dinmal rotation of the Earth, 
lie foand that in the oouiaa d an hour 4,800 mtnnte stars had passed before his eye. But 
when the telescope was presented to a rich portion of the Milky Way, he found no less 
than 588 stars, and during fifteen consecutive minutes no apparent diminution in their 
numbers could be peroeived, one constant stream of objects entei-ing and leaving the field 
of the teleaoope in the interraL Bir William HerBchel eatjmated that at least 116^000 
Stan muat have pawed in review before him in that abort apace of time. Bvdi immnnaw 
nomben are therefore contained in a narrow zone of Ibia vonderful assemblage of stars. 
Most of the interesting' objects termed stollai' clusters are situated in or near the Via 
I.actea ; for IIcr3chel found that '22') are within its bounrlarips, while only thirty-eight had 
been obiterved in utiicr parts of the heavens. An the Milky ^V ay only occupies about 

one>twelftb part of tbe eeleatial vauU^ and one-ninth of that v&Ale in thia ooontiy, it baa 
been oompated that stellar dusters are fifty«fonr times more abundant in the Tia l4iotea 
than in other portions of the sky. 

Sir William ITersthel found that this stellar stratum was almost fathomless, even 
with his great forty-fuot refiectiug telescope. More recent powerful instruments have, 
however, revealed multitudes of stars which appeared to him only as nebuloua objects ; 
and it ie very probable Ibat Aitore improvements in tbe eonatrootton of astronomical 
telwoopes will enable tbe observer to penetrate still farther into these realms of speoe. 
Estimating the thickness of the Milky Way by its apparent breadth, Sir William 
Herschel deduced that it is about eighty times the distance of stars of the first magnitude. 
This stellar mass must therefore pass beyond the limit of ordinary telescopic vision. From 
tbis we may ia£u tiiat not only our Sun, but every star visible to tbe imassiBted eye, 
fonns an integral part ai the Via Lactea. The eminent Buasian astronomer, the late 
F. G. W. Struve, has remarked that ** if we consider all the fixed stars which surroond 
the Sun as f(>rmin(> one great system, that of the Milky Way, we are in jierfect ignorance 
of its extent, and wo have not the least idea of the exterior form of this immense system 
of worlds." 

1IAGNITUD£S OF TU£ STAfia 

When wc direct oar attention to the heavens on a clear starlight winter's night, 
the first impression on our mind is that an almost infinite number of stars is presented 
to our view. This is, however, merely an optical illus^ion produced principally by their 
twinkling, and by their irregular position iii the sky, fur the whole extent of tiic heavens 
is too vast to be included at one time in tbe £dd of vision. Henoe arises the erroneoua 
impression that tbe number of etara is so great. Now, on the contraiy, we know, as 
stated on the preceding page, that seldom more than two thousand can bo perceived by 
an ordinary eye at onoe>, including all as low as the sixth magnitttde. Observers, how- 
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ever, with superior eyesight, can occasionally detect gmijlIfT r)lijort<> even down to the 
kcvcnth magniUub, but tlua exceptlooal vittioa is very unusual. Then: are twenty-lour 
Btofs of tha fint msgmtiide in ^ parts of the heaveiu» Mveivl of tiwn bemg ^rinbls 
only in tlio watliBm hemi^faen. Thoae of tlie aeoond magnitude nambex about fifty in 
the tM-u hanusplierMr md of the third about two hundnid. Intending all stars down to 
llic sixth inagnitii»lf», or witliiii thr- Itrnif'^ of ordinary vision, about five thousand 
altogether can Ihj neeii in the lutiiude of Luadoa during the year. But if we view 
the itky with a very powerful tcleticopc, these five thousand represent but a very nnall 
proportkm ttt the whole number of the atari} for the mianle observeUe objeoto 
oomporiog the groondwork of the heaTens have hem eounted bj tena of thouaanda, or 
even by hundrt-dn of thousands. 

The (A)<'Tv<-(\ dinn'niitini] in thn m;i;jni(ude of objnts. a> well an the increasing 
numbers contained within the field of view, as their distances increase, may be briefly 
illuatrated oa fitUowt. Let «a imagine a person atamding in the middle of • foreat, 
eurroonded by trees in every direetion. Thoae nesreat to him vonld be iew in number 
and the trunfca comparatively larg^o; but if lie wore to take the next circuit , of trees 
outside those around him, (ho vi.-«il)li- trunks woul<i bo inoroa^o<l in nuin!>er, btit their 
diinctiHions wotild fipjMSur suiallor. i'nxujeding onwarils in tlii.s niaiinor, (ho trunks of 
the trees would at last be very numerous indeed, but their appareut .size would bear no 
compariaon in magnitude with thoae near the obaerver. But still these appaixiuly small 
distent treea might be really oonsideniUy larger than any in whole foreat. We will 
now subtitituto the sturs for the trees. For the sake of analogy, let us now auppoae 
that the- observer on thp surftice of the Earth is sit imt«l in tht» centre of a forest of stars, 
of indefinite extent ; thooo few which are nearest to our own system would appear large 
and bright, and we diatmgviah them as of the first magnitude ; those which ore farther 
removed ftom ns would appear in greater numbers, but with less intrinaio brightnees^- 
these wo t all of the seoonri niat?iiitii<b' ; thoise which arc still ^Eirther from us would bo 
considerably increased in number, but their magnitude woidd appear much smaller. 
If we continue incrtnisfri;,' the distance, the dccrraso of brightness will bo in inverse 
proportion to the increased number of the stars, till we are stopped by the limit of vision. 
With teleaoopic aid, the obaervaUe stars are too numerous for any aooorate determination 
of their numbwe. K. Argdander, a sealous German astronomer, has» however, 
Botuolly published a catalogue of tho exact positions of no fewer than a quarter of a 
million of stars greater than (ho (onth magnitude. TIicrc nimibrrs nrvorthcless fail 
to reprcsout properly the boundless extent of the stt llar univc rso ; tor ovory iiiij>i ovement 
in the construction of astronomical telescopes unfolds to the view of the astronomer 
hundreds of thouaonda whieh had never been eeen before. Sir John ]^«chel remarks 
that ** beyond tho limits of wmided viBibn» telesoopes continue the range of visibility ; 
and magnitudes, from the eighth down to the sixteenth, are familiar ( > iho^e who are in 
tho pruclico of using powerful instruments ; nor docs there seem the ioa-^t ronson to 
assign a limit to this progression; every increase in tho dimensions and power of 
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inftruments, which Rnrroffiive improveTnents in optical science have attained, havinjj" 
brought into view multitudes innumerable of objects invisible before ; so that, for anything 
experienoe bw IdHtorto iaoght us, the number of the stars maj be really infinity in 
the only Benee in irtuoh we eui aaagn a meaaing to Hie word." 

SCINTILLATION OF THE STABfl. 

Perhaps one of our first practical lessons in sidereal astronomy con«i«?f<? I'n nnfiVinp llmt 
peculiar apparent motion in stellar objects, so evident on a brilliant starlight night in winter, 
known as the twinkling or acintillation of the stars. This phenomenon, with whioh most 
of our readers have been aoqnainted from early youth, by the nvreery rhyme, ** Twinkle, 
twinkle, little star," has occupied the attention of scioiUiric men for a long perifid; among 
mihers, Aristotle, Ptolemy, Tyclio Brahi', Galileo, Kepler, Tlooke, Newton, Young, and 
Arago. To the unassisted eye, it consists of very rapid ehanpe.s in flie intensity of the 
lustre of the stars. These changes are also frequently accompanied by corresponding 
Tariationa in eolour, ehwirratiiaaBB of whioh haveheeii reocnded by move than one aatranomer. 
Fonter, in 1824, not onfy noticed the -nuiaHlity of oolonr, but ho eodeaToared to obtain 
an idea of the law by which the changes took place. 

One of the popular notions hy wlueli we distinguish a planet, consists in the comparative 
absence of uny scintillation of ita light, which consequently shines with a much more 
steady lustre than that of the fixed stars. But twinkling is not always a sure distinction 
•between the light of the fixed etara and planeta; Ibr, in oertain ooodituma of the atmo- 
aphere, the latter have been known to aeintillate more or less, and the phenomenon ia alao 
much more observable in the fixed stars on some nights than on others. Stars of the 
'first magnitude twinkle much more than those of the second, while in the smallest stars 
visible to the unassisted eye, the scintillation ia altogether ituippreciable. Many writers 
havti given expUmatlona of the eauae of twilikling, each differing in many respeeCa from 
the othera, and even at the present time eonsiderablo difibraneea of opimon exist. Borne 
have accounted for the phenomenon by the undulatory theory of light, by which the direct 
mys from tlie star rcaeli the eve at re;*iilnr and successive intervals of time, causing the 
object oUeniatcly to appear and disajipear. M. Arago considered that the scintillation of 
the stars is nothing more than a rapid change in their intensity and colour originating in 
our atmosphere, in which the progress of the stdlar says ia interfered with by the nneqaal 
halting, density, or humidity erf the dtflbrent strata. In his opinion the principal oauae 
of tlu! s( intlllation may bo supposed to arise, therefore, from the unequal rcfttiction, or 
bendinp, of the rays of light as they pass through aerial currents of different temperatures 
and deiisiliw. That this is probably the case, is evident from the variability of stellar 
twinkling depending on the dista&oa of the staffs £rom tiiio horiaon. For example, scintil- 
lation is generally mnoh more -visible in stars at a low altitude, where the density of the 
atmosphere is always the greatest, than in or ncor the zenith, where the least density 
prevails. This law of twinkling, according to the altitude of the object, is not, liowcver, 
universal, ior several of the principal fixed stars, on account of the nature and peculiarity 
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of thoir own liglit, vnry considerably in the tntciiMity of thfir scintillations iiulcpcndnitly 
of their poeition in the heavens. I'rucyon and Arcturua arc known to twinkle much lc8« 
tlna Y«g«» tihe teilHaiit Uoisti'trhite star in Lyiu. Eacmts atatee tii«t '* |ihmeCi wmtiUate 
lew tlum Stan, iMcauae as th« latter appear to na a« pmnta, the leeat diqJaeement, were it 
only a few sccondSi would be semiUe to our eye, ^e planeta having a visible disk, it ii 
more (lifBcult to nppreciafc flicir apparent chunjye in voltime ; however, through telescopes 
vre I'l wjucntly see the edgt« sciiitillute, o»iKicially if they are near the horizon." Aristotle 
curiously explained the phenomenon as the result of a mere strain of the eye, for ho says 
*' the fixed atars sparkle, but not tlie planeta ; for the latter are eo near, tliat the eye is 
able to reaoh them ; but in looking at the fixed atara the eye acqniMa a tremulona motion 
owing to the distance and the effort." 

M. Wolf, Astronomer at the Imperial Ob^crvafonf of Paris, made in 1807 w>me 
observations of the spectra of the stars at a time when the scintillation appeared very great. 
He baa notioed on frequent oceaaioiia aereial aeriea of broad bands or wavee paas from one 
end of the oontinnons ^eetram to the other, whidb aftparently oonfirma tbe ohanging oolour 
of the stars, according to the interference theory of M. Arago. On the other band, 
M. Ilf^spi^lu, an Tfalian astronomer, who has also observed the wovy motion from one end 
nf the Btellar spectrum to the other, differs in many respects from the eonclusions of 
M. Wolf, and throws some doubt on the accuracy of the theor}' of Antgo. M. Kespighi 
conddera that ^ oanae of actntil]atio& arisea fimn real and momeataiy deria^ons hi 
Ihe poaitiooa of difbrent ooUmred rays prodooed by the dunging atate at the atmoapher^ 
and that when these rays are abstracted from the images of the stan«, they would naturally 
exhibit continual Tariations in their colour and intensity. He has also notieed that the 
motion of the undulations is from the red end of the spectrum towards the viulet end for 
the stars in the west, and on tbe contrary, from violet to red for the stars in the east, 
while on the meridian the motion is more or leas irregular. The undulationa are aeen 
with much more distinctness in stars near the hori/oa than m thoeo at a great elevation. 

^I. IU\sj)i^'hi, from a due coiiHiderution of the phenomena observed by him, concludes 
that the regularity of the motion of the undulationH in the apectnim, taking into account 
the opposite movements for the stars near the eastern and western horizons, shows clearly 
that the wwea or atmoaphetio atrata are brought anooeaaiTely on to Ae laminona raya 
tranamittad by the atara, not eo much by any aeoidental motion of the atmoqibere, aa by 
its general movement, either ascending towards the west or descending towards the eeat» 
resulting' from the diurnal motion of the Earth. ""When the luminous rays," he observes, 
" traverse the lower regions of the atmosphere, where, in eonjiequence of the dlfli-rences of 
temperature and of the imcqual condensation of the at^ueouB vapour, the atmosphere itself 
ia finmd in a state of aenaiUe heterogeneity, the condeoBed or rarefied atmoqiherio atiata 
would be brought, by the diurnal rotatum of the Earth, for the atars in the west first on 
the red rays, and afterwards on the more refrangible rays as far as the violet ; and, on the 
contrary, for the stars in the east, at first on the violet rays, and finally on the rod. The 
effect of this is that the corr^pouding tmdulations on the spectrum would travel ixom the 
U2 
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red to the violet for the weet itai^ and ftom the Tiolet to the red fi» ibo eeat stai8» 

precisely in the eamc manner u shoini hy tlie obBcrrationB/* 

M. Dufour, wlio made nn extensive series of observations on stellar twinkling at 
Morgos, Switzprland, found that tlic phenomenon varies frequently in the ramo locnlity, 
from one day tu another. But it iucrcaiscs or diminishes proportionally fur uU the titurs, 
ecoepting those near tiie Ikoriaon, when the twinUing is always larger It has also been 
obserred to tncrsass dnriog tiie Hum of twilight, and when eloiids are ia the sky dritfen 
npidly before the wind. During those nights in M'hich the scintillation was Teiy 
marked, M. Dufour noticed (htit the stars in all dirpctions, including the zenith, were 
afleoted ; but on nights when the phenomenon was less decided, all the zeuitlial objects 
shone steadily. In tropical oonntriee, aointilLitian is bnt seldom observed in stars at a 
high elevation above the honson, and then only to a very limited extent. Hnmboldt 
remsiks that in Peru stars scintillate when i r ilio hoiiaon, bnt not at more than twenty 
degrees above it. Ghirein, in a letter to M. Reaumur, published in the IFisfoire de 
FAeadeinie den Re!ences>, 174'^, states that "in Arabia, in spring, summer, nnd autumn, 
the inhabitants sleep on tlic roofs of their houses. It is impossible to describe the pleasure 
cacperieneed in oonti:mpIuting the beanty of the aky, the brightness of the stars, and 
thsir qiparBnt motion from east to wes^ whils thus lying in the open air. The light of 
the stars is pure, steady, and brilliant ; and it is only in the middle of winter that a slight 
degree of scintillation is observed." 

Observations on the scintillation of the stars have been made by several observers in 
dsmted positions on the Earth's surface, especially by Saussure in the mountainous 
diatficto of Switseiland, and Pro fe ssor C. Ptassi Smyth on tbe Peak of Teneriflh. At the 
latter plaoe, Professor Smyth was much struck by the qnist and steady planetary light of 
tlie stans, nnd was iiKlIiud at first to Ixlicvo that there was no scintillation; but he soon 
found tliut this phenomenon l ycii existed at his elevated station of 10,702 feet, although 
to a much smaller extent than at the foot of the mountain. Dr. T^mdall noticed in 
1859, from the Gnnds Hnletai, on Uont Blam^ at an altitude of nearly twelve thousand 
feet, that whan GapeQa first appeared near the horiaon on the evening of August 18th, the 
star scintillated veiy disthietly, bnt that at 2 a.m. on the momhig of the 14th, the 
twinkling was scarcely perceptible. From this observation of Dr. Tyndall, we may 
conclude that, when viewed from the summit of Mont Blanc, the stars shine with a 
steady light. During a residence at the hospice of St. Bernard in the summer of 1856, 
H. Dufour also found that the sdntillation was veiy trifling. Whether thu absence of the 
phenomenon at such great elovaftioDa otionis at other aeaaona of the year, we have ao 

rsoorth'd observations to show. 

The <>('< asituKil twinkling of the planets consists onl)' of a slight tremulous motion 
of their disks when near the horizon. It has been noticed principally in Mercury, Venus, 
and liars. Bnt m such cases, the phenomeMm u so diffieult to observe, that practically it 
nay be oonduded tha^ to the naked eye, any displaesmsnt resolting from it is too minnto 
to bo perceived by atqr bat praotised obsarveis. 
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COLOUR OF THE STARS. 

No one can view the heavens with the naked eye for any length of time, without 
noticing that the colour of the princ-ipal atitrs is not tho same, but that munf are 
white, or bluish white, wmo yellowiah, and others red. Theeo different tinte ariee most 
probably from the materiab of which tho envelope*, or photospheres, of the various stare 

ore composed. If, howpvrr. wr wish to rxamtnc thi« siiVijnct minutely, tho telescopic 
observation of double Ktars will eiutblo us to view, in tho highest porlection, the brilliant 
contrasting colours exhibited by acvcrul of these interesting oud popular objects. With 
the unnsriated cje» tho voriatnm in cobur of the brightest stars is veiy distinctly marlcedt 
espedally in the white stars Sirias, Alpherot, Vega, Dcneb, and ReguluB; the yellow, or 
pale orange stars, Rigel, Procyon, Polaris, Kocab, and Altair; the orange-red Betclgcuse 
and Pollux ; and tho ruddy stars Aldebaran, Antarcs, Ai-ctvirus, and Fomalhnut. Tho 
only colours mentioned by the ancients, whose experience in steUar observation was solely 
deriTOd from unaided virion, were white and red> fioaw of these aneimtiiy-reeovded 
oolours of the stars do not, however, agree with the colours of the same stars at the 
present day, which leads iis to 8up]wse that some physical change has taken place in 
tho constitution of tlu Ir external envelopes. We liivvc previously alluded to tho prfiLahlc 
change of the colour of Sirius from red to M-hite Hiiu-e tiu^ days of Ptoleiny, who ulso 
included i'uUux and Betelgeuse among his list of fiery-red stars. The ehuugo of colour 
has, however, not been so decided in Pollux and Betelgeuae as in Sinus ; fin* Pollux and 
Betelgsttse have still » rosy tint, although it is too &int to tahe them out of the class of 
orange^loured object^^. Hariottc, in 108G, in his treatise on Cofount was the first person 
who made any mention of blue stars. ITo considered that tho origin of blue stars was 
owing to " their freedom from exhalations as well as from thoir less intrinsic brightn^is." 
True blue single stars are not, however, common, but bluuh white are pkntiful enough. 
Hx, Dunlop, observer at the late Sir Thoauia Brisbane's Observatory, Paranwtta, New 
Sont!', Wales, noticed a stellar mass, in which eveiy member was blue, and also a bluish 
ncbulosify. Nothing of a similar kind has heen seen in the iiurthcrn herni!=^pher(\ I5ut 
fieveral of tlie components of tho double stars are blue, and in a few cases both have 
a bluish tinge. Small stars of ditferent colours are oeeiisionally massed together in 
multiple star^ as in that beantifiil stellar group near Eappi Crucis (the Southern C!kms), 
in which are congregated more than a hundred stars of varioua colours, red, green, 
blue, and Uoish green, giving the appearance, when viewed through a powerfld telescope^ 
of a superb collection of foncy jeweller^'. 

But notwithstanding tho brillianev of eoLmr in these magnificently variegated 
minute objects, scattered here and there iu both hemispheres, the principal observations on 
the colour of stars have been made on the various tints exhibited by double stars, in which 
the colours arc generally complementary. Usually, the larger star is of a yellow, or 
orange colour, and tho smaller one green, or bluish white; but among these objects there Is 
no shade of colour contained in the solar spectrum, whiob is not also represented in some 
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one of these double stars. Admiral Smjtb, in hb Sidereal Chromatics, has given a list of 
ion (loul)lo stars, witli 1hi> colours of each pair, as obsorvecl by himself at two epochs, 
8til)iuutwl by several years, and also by M. Sestini, an Italian astronomer. The estimations 
iu different years generally agree with each other, but in a fev cases an actual change of 
oobnr lias been mupected, eapeeiaUy bi 95 Heroulia, in whidi both oompinienti are of the 
fifth magnitude. The change in the colours of this double star is so very curious, that it 
may be interesting to give the details of the ob9er\f <I variations In the colours of the two 
components, A and B, as recorded by Professor C. P. Smytli, iu a comiuimication inserted 
in Hidt'rral Chromatics. The obacrTations were made by diti'crent observers between the 
ycora 1838 and 1862. In 1828 the campoiient A traa yelW; inm that it paaed fo 
greyishj then sooceanTdy to yeUowiih, with a bkw ting*, greeniah, light green, light apiile 
green, astonishing yellow green," and, finally, to yellow again. B in the same time 
passed from yellow fo gro} isli, then successively to yellowish with a reddish tinp^, reddish, 
cherry red, egregious red," and, finally, to yellow again. It was the opinion of Adraii-ol 
Smyth, whoso experience wa« very great in this class of amateur astronomical work, that 
the TanaUe appearaaoe of this star is a decided instanee of sidereal colour^shangtng. It 
is ivoper, however, to remark that the Astranonier Boyal has suggested, with good reason, 
that the simoItaneoTis change in the colours of th© two stars is suspicious, and he considers 
that these apparent changes might have arisen by using different telescopes. Other stnrs 
viewed with the same telescopes, as 95 Herculis, however, exhibited no sensible change. 

From Admiral Smyth's latest ohserrafions we give two or three wmplins of the 
complementary odours. In Eta Osssiopeue the lai^ star is a dull white, and the smsUer 
one Itlao ; in Gaouna Andromed<e, a deep yellow and sea-green ; in lota Oancn, a dusky 
orange and a sappliirL- blue ; in Delta Cor\ i, a briglit yellow and purple ; and in 
Albicro or Botii Cygni, yellow and blue. In most of the remaining stars of the list the 
contrasting colours are equally marked, and also in many others which are not included 
in it. What the eflbot of this variety of oolour would be to the inhabitants of a aatetttite 
belonging to suoh a oosmical system, have tike opinion of Sir John HersolieL " It is 
by no means intended to say tiist in these oases one of the colours ia a mere effect 
of contrast, and it may he easier pnptrcstcd in words than conceived in imnjjination, 
what variety of illumination tuv nutm — u red and a green, or a yellow and a blue one — 
most ofibrd a planet circulating about either ; and what charming contrasts and ' grateful 
▼ieissitttdes'— a red and a green day, for instanee, altematiBg with a white one and with 
darkness — might arise from the prsssnoa or absence of one or other, or both, above the 
horixon." 

PROPER MOTIONS OF THE STABS. 

We haTe freqnenlly alluded to the term "fixed," as an epithet given to distinguish 
the great majority of stars ftom the Son, Moon, and pUnets, whose apparent poaitiona in 

the heavens are continually changing sensibly from day to day, and, in the case of tho 
Moon, from hour to hour. The so<«alled fixed stars, so far aa can be measured by the 
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unassisted oyo, however, never alfcr fheir rrlativp pwiitions with rospoct to each otht r , iiiid 
appear as if thoy wore attuclitxl to the cek-stiul .sphere. They arc observed to riae in iho 
«8rt and set in the weet, from day to daj^ and from jwr to year, without any sonaible 
dumge in their general ai^ieet, excepting only that doe to the aeeaonal -variation produced 
by the apparent motion of the Sun on the ecliptic, us briefly cxitLiiiuHl in tlio description 
of the " Midnight Sky at London " for JIurch. This apparent absolute fixity of the stars 
in space was supposed by the ancients to bo real, and it was not (ill tlio year 1717 that Dr. 
Hallcy, owing to the greater accuracy of modem a.strononucal observations, noticed that 
the poflitions of the three bright stars, Sirius, Aldobaran, and Arotnnu^ were from one- 
third to half a degree more aoutiierly than those recorded by Ptolemy on the authority of 
some observations of these Stare made by HipparchuK, I'SO k.c. At first it was naturally 
8nppo8rd tliat flie (liscropancy aros*' from rmn\s In \hv observations of ihc ancient astro- 
nomer, l)u' Dr. IlalUy coufiidcrod that ihv obst i vt'd dill'orences betwetu tho aucirnt and 
modern jmitious of Liiese throe stars wuitj moru likely caused by a peculiar motion of tlio 
Stars themselTes. This caqplsiiaitioa or «|iiiuoD of Dr. Hallay has been completely ooafirmed 
by the more preeise oibsMrvations of the present century. Jn truth, it has be«i found for 
a oertaiuty, that a very large number of Stan have their own " proper motitm," some of 
pr( atcr extent than others. Tlie right ascension and declination of upwards of 3,000 stars, 
obstrvod by Dr. Bradley between 1750 and 1762, have been compared with modem 
obeervaiiona of the same stars, and the annual proper motion of each aoourutcly determined. 
In » few stars tiiese peculiar di^aoemento reach to a Tety sensible amount* the largest 
being nearly dght seconds of aro annually. In the binary star, 61 Oygni, this proper motion 
consists of rather more than five scconrli?, and it is found tliat tho two stars composing 
the binary fsystrm have (ho samo anioimt, of annual displacement. This tnjual finnurd 
angular motion is a convincing proof of their physical connection, independently of their 
revolution around eadi other, as we hsTe eixplained more fully in a previous chapter. 

The subject of the proper motions of ihe ''fixed stars" has been in many ways 
eKtremeh interesting to astronomers, as it is by the systematic discussion of these appsr 
rcntly small quantities, that tho existence of a siippoBed motion of the solar system In spaoe 
hixs Ixcn determined. Sir William Ilersrhcl, in 1783, was the first who drew the 
attention of other astronomers to the probable existence of this proper motion of the 
solar ijstem. Wa researoh led bun to point out I<ambcla Heronlis as the dVsetion 
in the heayens towards which the Sun wss moving. One arg^nment in &vonr the 
problem, and a verj' strong one, is that successive astronomers with different data and 
methods of research have^ without exception, found the solar motion dixectod towards ■ 
the same point. 

AihoRmgh investigafionof^ subject l^the Astronomar Royal Im^ however, tfaxown 
some donbta on the reality of ibis rather romantio asbononucal problem, or at all ovento 

on some of the received notatms reipectin<^ it. A more extensive inqniiy aads in 1863 
by the author of these pages, by ajjjilying Mr. Airj-'s formula) to the proper motions of 
1,167 etar% confirmed the doubts expressed by the Astronomer Uoyal, although the 
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doducod direction of solar motion agreed with that found by Sir William Herschel, and 
the veloeif}' witli that dcterniintd by M. Otto Struve. 15 ut altliougb the supposed move- 
meut of the Suu iu space thua appears to acooimt for only a smull part of the star displace- 
mcaits, yet ao duttiiguuh«d an aatranomer m Sir John Hamoliel liaa wmmrfcinT tlwt it it 
not otuqifffiang tliat «iioIl ihoiild be the case ; &r in his opinion it could not be ozpeotod 
that any movement assigned to the Sun would acconnt for more than a very small portion 
of the observed proper motions. He myn : — " Jiut what is indeed fi.<*toTi)<hiTi<? in the whole 
affiiir is, that, among all this chaotic heap of miscellaneous movcuicut, oinoug all this 
drift of cosmk^I atoms, of the laws of whose motions we know absolutely nothing, 
it ehould be possible to plsoe the finger on one email portim the sum total, to all 
appearance undistinguishably mixed up with the resti and to declare with fbll aMttranco 
that this particular portion of the wliolc is due to the proper motion of our own Bystern." 

The following arc tlie pntrtn in tho heavens which the difiereut rosearches havo 
assigned as the direction of uoiur motion : — 



B. A. vjp.n. 

W. Henefael 360* 31' e$' 48* 

Argelander 257 85 53 67 

Lundahl 252 53 76 34 

Ma.lkT 201 ;58 50 6 

GuUoway 2G0 1 56 37 

O.StroTe 261 33 63 34 

Aiix 369 12 67 63 

Donlmi 262 39 61 2 



It has been asserted by Dr. Hadler that hia inTostigation gives some evidence of the 
possibility of the Sun and its system revoHnng nround a central body nt a rate of about 
160 millions of miles in a year. This central Sun of tho universe has, nc-cording to Dr. 
Madlcr, been supposed to bo the star Alcyone, the brightest object in the Pleiades group. 
There is, however, very little grounds for the eonolusian adopted by this oelebirated 
Huasian astoonomer; for although (he subject is tbtjt interesting and roBBontie^ ^e 
proof of the existence of a central Sun for tho wholo universe must still he considered 
an imaolved probkin belonging wholly to the speculative branches of astronomy. Many 
more ceutunai mu-^t elapse before sufficient observations can be obtained to enable any 
one to speak positively on tho question. Tho very smuU quantities representing tho 
observed propor motions of the etars, require to be oonpletdy ireriied hf most aeeurate 
obaemkti<»is, niade at interrals of one or two hundred yean^ belbire we shall be even 
oertain that the solar system itself ha», m has not^ Hie peouUar motion in ipaoe now 
ascribed to it. 

ANALYSIS OF SOLAK AND STELLAS LIGHT. 

One of tho most interesting branches of observing astronomy of late years has been 
the teksoopie observation of flie speetra o£ the light emitted by the Bun and stars, and the 
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compari»oti of these spectra with those found by the spectroscopic observation of intensely* 
hcftted Inmtiuinft Tapoiin produood by the eombiistbn of m«tals and gaaes. When a hetm 
of flolar light is made to paas through an ordinary prism, it ii so refracted, or bent, as to 

Ih n solve! iiifo a number of (livcrgcnt rays, which, when projected on aaeraenf fiirm an 
(iIjIoii;^ luminous Lund ofdiflcrent colours cnlli <I the prismatic solar spoctniin. The colours, 
c<inuu< IH inf; at tlte top, are violet, indigt), blw, greon, yellow, orange, and red. The rod 
is the leat»t rtfrungiblo because the red ray is leis turned out of its course by the inter- 
fiweiice of tho prism than the others; in like manner, the yinAet is the most refrangiUe, 
became that otdourod ray is the most nfracted» or bent, out of its course. The cause 
which produoas the prismatic spectnim was first explained by Sir Isaac Newton. If, 
instead of a screen, we view tho sunbijam nftor it has been made to pass through a spectro- 
scope, we shall see hundreds of narrow dark lines crossing the spectrum transversely from 
one end to the other. Some of the Ua», visibl j broader than the others, are distinguiahed 
by the lirst roman letters of the alphabet. Theae dark lines were first obsBvred by Dr. 
Wollaston in 1802. They arc 1 vei , in<-re popularly known as Fraunhofer's lines, on 
account of thr' care bestowed by that t'lnincnf Gi niiaii o]>li< iaii in the const ruL-timi of a 
map of the solar spectrum in wliii„h tlio dark lint's arc shown in tlicir relative poeiitions. 
The lines have subsequently been laid duwu with fur gix'^utt.r completenc^, first by 
H. Kirohhoff, and afterwards by H . iksgstrom. 

By the reaeardies (tf MH. ffircUioff and Bttuen, who were the first to oomwet the 
dark lines in the solar spectrum with corresponding bright lines seen in the spectra of the 
vapours of terrostriu! metals Jind phases in a state of combustion, astronomers have been 
enabled to prove, with almost perfect certainty, that the Sun and Earth contain many 
metalB and gases common to both. Amipwg them we may indnde iron, sodium, copper, 
magnesium, barium, nickel, calcium, and chromium, with indjcations of many more. 

It was not llie original intention of the two physicists, Kirchhoff and Bunsen, to 
cxjtlain the ori^'in of tlie dark lines, their attention heing oliicfly directed to the 
determination ol' flie position of tlic various briglit line^i found in the spectra of the 
diQ'ereut metals, using the dark lines in the solar spectrum solely as points of reference. 
Their first operation was to test an assertion made by Frannhofer in 1814 that the pontion 
of two of the black lines in the solar apeetrum corresponded in refrangibility to the two 
bright linea know n to e&ist in the spectrum of the vapour of sodium. By mingling 
the spectra coming from a fltunc coloured with sodium, and from the light of the 8iin, 
Kirchhotf observed the bright sodium lines superposed upon the dark lines in the solar 
spectrum. In the paper by Eirchhoff, published in the IRmoina de VAcademie d« Berlin for 
1861, the details of the experiments carried on by himself and IL Bunsen are given with 
great completeness. " I caused," he observes, " a direct solar ray to pass through the flamo 
of sodium placed before the slit of the spectroscope, nnd I saw, to my great surprise, the 
line D appear with an extraordinary intensity. Instead of a direct solar ray, I now used 
the Drummond light (lime rendered incandescent by the combustion of hydrogen), whose 
spectrum, like all solid or %uid bodies heated to incandescence, docs not exhibit the dark 
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Hum. Bjr [mssing the light through a flamo charged eufficiently witb masiiM nit, dark 
lines were imruediately substituted for the bright lines of the sodium. EmployiDg, instead 
of the Drummond light, a wire of platinum rendered inranHoscent by means of a flamo, 
and raised to a temperature nearly at the point of fusion by the action of an electric spark, 
I dMWVid eh* ttOM tuL** GbntinuiBg hit iavectigatiaDB <u tt» hdght lines of Taporiaed 
metallic qieetra, atill luing the dark linea for eompariaon, M. Eirchhoff on one oocaaioii 
exunined critically the bright lines in th' spcclnim of iron, "Judge," remarks Mr. 
Hoscoe, "of the astonishment of KirrlilioH" wlaii ho (jI)S(TVi>(1 tlmt dark solar lines 
occufT'^ in positions coincident wit)( those of all the brii,'lit irou lines! Hxaclly as the 
fiotliuiu iuiea were identical with i' rauiitiofei H lino eo for each of the iron lines of 
whidi Kindilioif ai^ Angstrom, lutve abioe mapped no leas tlum 460, a dark aolar lino 
«aa aaott to conetpond. Hot only kad oaeh imm lino ite dark repreaeoiatiTB in the aoilar 
ape et r um , but the breadtk sod degree of shade of the two aabiof linea were seen to agree 
in the most perfect manner, t^e brightest iron lines correaponcHn'? to the darkest solar 
lines. To those who have not themselves witnessed this coincidence it is impossible to give 
an adequate idea by word^ of the effect produced on the beholder when, looking into the 
epectroaoope, he aeea the eoinetdenoe of every one of perhapa a hwulred of the inm Knea 
with a dark repreaentatiTe in the atmlight ; and the idea thai iioo ia eontained in the aoJar 
atmosphere flashes nt onco on his mind." 

One of the conclusious drawn hy Kirehhoff from these experiments is that each 
incandescent goa weakens, by absorption, rays of the same degree of refraugibility as those 
it emita ; or in otkav woida, tiwt &b qwctrum of each incandeaoent gaa ia xereirBed 
when fhia gaa ia tmTeraed hy raya of the mme rdlhm^ility emanating horn, an 
tntenaely luminous source which gives of itself a contimioua apectrura like that of the 
Sun. The dark lines in the solar spectrum most probably arise, therefore, from the 
metallic roys emitted from the incandescent vapour, either in or below the ordinary 
photosphere, being absorbed by the cooler strata in the exterior atmosphere or envelope 
of tiie Son, or poaaibly in some degree the photosphere itself In the spectra of 

TSporised metals and gUMBf it llM been imivcrsally fimnd that one substance <,nves one 
srrie.s of brifjht linen, another a different serif.s, flie speetnim exhibiting, in fact, certain 
lines peculiar to the metal or gas employed in the exjieriment. Consequently, whenever 
bright lines in a metallic or gaseous Hpcctrum are found to coincide with corresponding 
dark Hnea in tiie sohr spectrum, Ihere can he littto douU that tkeae tmnestrial 
elements most form a constituent part of the great central globe of onr ayatem* 

From these celebrated experiments of the two German physicists, all the additional 
knowledge of the eoiistitution of the heavenly bodies which wo have obtained during tho 
last few yoirs has mainly sprung. Mr. Uuggins, Dr. W. A. Miller, and Mr. Lockyer, in 
Bngland; M. JanasoA, If. Buyet, M. Seoehi, and others, on tho Contin^it; havo each 
used the spcotroaoope on the heavenly bodiea with auch a auooeaa aa even H. Eirddu^ 
liiiiisilf little anticipated. Smoe hia observations, a whole horvcst of &ota haa been 
gathered together, throwing out a new flood of light on the general atructuro of the 

199 



Digitized by Google 



GENERAL KOTES ON T1I£ FIXED BTAiiS. 



Bidoreal universe. The (xmstitution of the phntosphoro of the Sun is now being 
understood as it never was before ; tlio light of tlie Moon, planets, com< fs, stars, nud 
nobulsD, has in each case been impounded, so that we may decide from whut bubetunt^s 
it has been emitted. The analysed light of the Moon and planets being the reflected 
]i|^t of tiie Sim giTes nattnaUy the aolar apeetrum, but on aoeonnt of local camei, omIIi 
planet luis special dark lines exhibited in iti spectrum. For example^ the qiectn at 
Veiiu«, Murfi, Jupiter, and Saturn, {jivo Bomo indications of the presence of a gusoous 
atmosphere around them, Ixjariny some analogy to that of the Eartb, inclndinnr the presence 
of the vapour of water. Jupiter and iSatum have, howevw, a certain similarity on other 
poiata net akarnd in by the nearer pluneta. The apeetmm of ITnnraa haa «ho aonwllung 
peonliar to itaalf. The aaalyaia of the light of the Ifoon giTaa no tnoe of tiie eKtatanee 
of an atmoapluaaif aa bad been prerioualy pcoved by other daawa of aatrononuoal 
obaen'ation. 

Nearly all the stellar spectra exhibit only the dark, or absorption lines, as in the caso 
of the Sun. The distribution of the lincfl is, however, very diU'ereut. M. Secchi haa 
fbnnd fliat the atan may be lougbly daaaified aooording to their eoloor, by dividing Aent 
into four typea. Fin^ .tiieio are the white atara^ aneh aa Sirina, Tega, 6pica» and 
Altair. These stars exhibit more particularly the presence of hydrogen gaa at a 
very high temperature, while indications of other substanoes, such as ^ium and 
magncfliumj are also clearly shown. The second division, or typo, appears to have a 
Mm|iontion Yeiy atmilar to liiat of the Snn, and inolndea Aroturus, Cupclla, Pollux, and 
othen. These two daaaea oontatn the greater number of the principal stars. The third 
division, including Betelgeuse, Antares, Alpha Ilerculis, and others of like colour, scema 
to bo affoctcd by something peculiar in their pliysieal composition, os If their phijtosphcrcs 
contained a quantity of j^aa at a lower temperature than usual. The stars in this class 
have generally a ruddy tiut, probably owing to their light having undergone some 
moflifiwitifflii while passing through an nbaoiWng ntmoaplieN^ aa is Hie case witk the 
planeta. M. Seoohi haa diaoovarad that ihe speoinun of the interior of the aolar apota 
bears a strong resemblance to that of the red stars, more particularly Antares, 31im 
Ccfi, Aldoboran, and Alpha Herculis. Tho spectnmi of eaeli of these stars contains a 
very large number of dark lines. He considers that the direct conclusion which we may 
draw fimn this coincidence is> that these stars may owe their coloiir to a similar cause 
to that wMoh piodnaea the spola on the Son. These attUar apota, nnder thia hypotheeiB, 
ought to be much mora numcroua than thoae odiifaited on tiie aolar disk, even at the timea 
of maximum frequency. Now, n ffTcat number of the stars in the third division are 
variable in theii* h!<<t re. TIu'h variability may therefore be explained, if we assume that 
the stellar spots have a periodicity in a similar manner to that which has been observed 
mtheSnD. The period of the aohv apota ia tolerably irdl aaeertatned,ao tho Sim nu^^ 
faiily ooUed a Tariable atar belonging either to the aeoond or the third diviabn or type. 
The fourth class is conipo8e<T principally of -smaller objects, with spectra not veiy diaahttilar 
£rain the third type^ oi4y leaa brilliant. A few staxa have been found whoae apectra exhibit 
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bright littM indioating the presence of hydrogen and other gases in a state of 
iii< aii(lrs('rncp. Thrrr of tlu sc arc in Cygmis. Gamma Cossiopeiae and the variable star 
R Gerainorum also give strong evidence of tlu> presence of luminous hydro«yen gas in 
their photospheres. The celebrated temporary star in Corona Borealis which burst forth 
■0 suddenly in M^ay, 1866, WM clearly owing to • oombnition oa ft large seak of am^ed 
gas of a auailar kind. 

Mr. Huggins was the first observer who succeeded in obtaining satia&ctory spectra 
of tlie nebuliu ami clustera. Ho has found that these faint cloud-like ohjcets mnv be divided 
into two classt'a, on© giving a continuous speetruni like the Sun aiul stars, and the other 
a spectrum consisting only of a few bright lines. All the uebulu; which huve been resolved 
into ataxs bythe aid of great optical power, «nd aome ot1i«ra, bdcaig to the firat dais. The 
apectroflcope therefore enaUes the observer to judge wldcih of theee ftint ob|eet» ia oompoeed 
of dirttinct stars, and which of irresolvable matter, or gas in a state of inoandesconce. The 
g^reat nebula in the sword-handle of Orion, which at one time wns supposed to show 
symptoms of resolvobility when viewed under favourable circumstances with the Earl of 
Boaae'a great nx-fiMt xeflaotor, ia one of tboae whose spectrum consists of bright lines. 
Poor have been observed in the apeetmm of this well-known nebula, and some other 
bright lines have been avqwoted by the Karl of Rosso and Professor TYinlock. In nebul» 
where the spectrum is proved to consist of brij^ht lines only, it is not possible for the 
ncbnions matter to be resolved into distinct stars, however powerful the telescope 
mployed may be. 

The nudei of (wmeta diine bj theii own light. TbA natme o£ that light plaeea these 
emtio menobera of the solar aystem abnost within the class of nebelas^ or rather among 

the third tj-pe of stars. In 1864, M. Donati, of Florence, observed a spectrum of bright 
lines in a smull comet; and subsi-qTnntly ^Ir. Huggins has obsen'ed similar spectra in four 
others, two of which, Brorscn'a and Wiunwkc's comets, appeared in 1868. Mr. Huggins 
considers that his observations seem to show decidedly that the principal portion of the 
light ftom the heads of the oemets is veiy differoitly eonatituted ftom solar light, and, 
therefore^ it cannot be the Sun's light sent back to ni by ordinary reflection from the 
comctary matter. The spectriun of Winnecke's comet appeared very similar to that of the 
vapour of carl)on when viewed in direct comparison with the spectrum of olefiant gsis. 
Mr. Huggins remarks that " the obvious and apparently well-founded conclusion from 
these obaerTations would be thtA the eometary matter Iran which the light oomes, condsta 
of the luminooa vapour of carbon." 

This new branch of astronomieal research, Opened since the ezperimenta of 
^IM. KircliliofT !ind Biinsen, has already been productive of inipnrtunt results, some of 
which huve been proved with remarkable precision. Other result although still 
retaining much of a speculative character, contain the elemeuta of truth, only rctjuiring 
perhaps nuiny yeBn* close observatione befbre any satis&etofy confinnation may be 
hoped for. As a subject for the investigatioai of the astro-physicist, the examination 
of the lununovB spectra of the hsevenly bodies has proved a remarkably fruitful one, 
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of w!i!th only tlic preliminary reaping Las been garnered. We arc indeed as yrt on 
the tlircshold of the disroTcnVs Mlii<]i tlio it^io of tlie speefrosonpp, in coiriMiKitiuu 
witii the telescope, will probably enable us to make on the physical constitutiuu of the 
vnivvne. The rich hanreat Blready obinined points ho]>cfully to the fiitaTe, and 
it gives esooungement to the mT«8tigmtor to oontiaue hii TeMarehes en a mh^et in 
whicb what is well underBtood beara but a emM proportion to that which still remains 
a hidden mystery even to the most pifted of human intellects. The efiFects of the 
inquiry into this new branch of astronomy will be sure to be reflected in time, not 
only upon highly cultivated scientific minds, but upon every admirar of those wondrous 
woAb of the Creator, whose rainipotent hand is seen in all this uniforniitf of 
coratmcikn unfolded to ns by the spectrosooinc analysis of solar and stellar light 

NOMENCLATURE OF THE STARS. 

Th» division of the heavens into groups of stars, and individualising tltc^c groupa 
hy dtstiactive names, most probably originated at the veiry infjaacy of astronomy. That 
this is the case is very evident from the astronoiaioal aUunona in the Book of Job, mid in 
other portioiiH of the Old Testament. In the same manner us the tniveller uatimilly 
attaclies some iiaiiu' to any remarkable terrestrial object which he may liiivc discovere*!, 
in order to distinguish it from those already known in other parts of the globe, bu the 
first vratohers of the stars would probably attempt to give names to those principal objects 
in the heavens which night serve as guides in their nightly wondemngs over desolate 
tracts of countr}', or in the earliest voyages in which the adventurous seamen first lost 
sight of land. The splendid object in Cunis Mnjor wonld most likely be one of the fn.<l 
to strike the attention of the nomadic astronomer ; uiid hence the name of Sirius was given 
to it as its distinctive mark. Orion, the Pleiades, Arcturus, Aldcbaran, and most of the 
prinmpal stars, were all evidently named about the same time. The advantage arising 
flpom the use of these old distinguishing names lias been acknowledged by modem 
astronomers, and it -would be n stop in the wrong direction to make any change in their 
well-known iiomeiu lature. lJut although it is not considered advisable to make any 
alterations in the names of the individual stars, yet more than one astronomer of note has 
eacpressod an opinion that stellar astronomy would be greatly advanced by a modification 
of the existing constellated groupa. In the primitive anangemen^ or parcelliag out of 
the stars, th«re is no doubt that the actual aspect of the hoavois was consulted, and that 
the configuration of the stars adopted for each conntellafion was supposed to bear, in the 
imagination of the inventors, some feeble roscinblaneo to the form of the figure intcndod 
to be represented. For example, when the complete tail of the Booipion is visible at a 
tolerable elevation, it very admirably gives a fidr idea cf what we consider a tail of a 
seorpton ought to be like. The star Lambda Scorpii, between the second and third 
magnitude, forma the bulb of the sting; while a smaller star, Upsilon Scorpii, may be 
taken for the sting itself The group of stars in Leo called the Sickle bears a very olosr 
202 



Digitized by Google 



KOMEXCLAIUKE OF TUK STAllS. 



rescmblunco to tbat a^icultural implement ; while the seren popular stars in Ursa Major 
might he taken as the celestial representation of a plough or waggon. But of all the idtui 
human figures which give names to the ooustellatious, scarcely one can be found whose 
mitline can be dstBCted by the itu* contaiiifld within its bomubriea. Sir John Herschel 
nmaricfl on this subjset tint ** Onoa is the ooly group which can anyhow be tortmed into 
a good aymuetricul n^ro.seiitation of a human figure: and even this, to be seen to 
advantage, must be viewed irom a southern latitude, where the stars Betelgeuse and 
Beiiatrix, which in our maps f<-rm the shoulJeis, will appear as the knees of the figure, 
Kigd, as the head, and Bctu hndaui us ouc uf the shoulders, forming a really superb and 
najestio oatUse, woirthy of a hero or a demigod." In the original sdeotion of the names 
of the constellatioos by the ancients, it was perfectly natural that they should be unposed 
from other associations than that arising from any similarity of form to particular men or 
animals. To a strongly imnr^inativc people like the Greeks, gods, demigodf. laid heroes 
would probably bo the first objects presented to their minds as the proper pennaiunt 
denizens of the skies. This feeling did not, however, belong exclusiTely to any intellectual 
supniority o{ tiie andemt Oredu, but it is a natural oonssquence of an umate Uas of the 
human mind, shared in U more or less degree by us all, and from which even the untutored 
savage is not altogether exempt. " The Pampas Indians," says Captain F. B. Head, in his 
Sough Xoff-^ in the Pampas, "believe in a fiitnro state, to which they conceive they 
will bo transported as soon as they die. They expect that they will then be constantly 
drunk» end that they will always be hunting ; and as they gallop over their plains at night, 
they will point with their spears to the consteUatians in the heuTen^ whibh they say are 
the figures of their ancestors, who, reeling in the fimainen^ am mounted upon hOTNS 
swifter than the wind, and hunting ostriches." 

A great deal of the confusion existing at present by the interlacing of different 
consteliatiuus has been cuoscd by the iQlroductiou of so many new osterisms by liovelius 
in the seventeenth eentury, and by subsequent astronetDers. Many of these were Ibnued 
in acknowledgment of oonrt patteiiage. Even the oelebrated Halley, who had leoeiTed 
important favours from Charles n after the restoiationi detached in 1676 a small ]K>riion 
of Argo Navis, containing n group of stars whieh were supposed to bear some resemblanee 
to a tree, to which he gave the name of King Charles's Oak, in remembrance of the oak 
in which the Prince was eoneealed when puxtned by CromweU's soldim after the battle 
of Worcester in 1651. Twen^<eis email cooatdlations were added in the eighteenth 
cantuiy. Nearly all these were formed of scarcely visible stars; and the study of 
astronomy was by no means made more easy by their introduction. These new constella- 
tions are so ansuited to the others, and their names arc chosen with so little taste, that no 
one can consult a modem celestial globe without being confused by their numbers and 
iatigiiificaneei A Gennan aetromoaner* Dr. Olbenh has lemaiiEed that "surely, if it were 
requisite that the whole heavens should be filled with canstellatioits^ the^ might hare beok 
diosen according to some general principle. Wo might have embellished the apparatus 
and inventioDS of our chemiste, i£, indeed, they oould be embelliahed by them ; and as the 
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aiK-it nf ft<»iirf^ of heroes and animala must be retained, Komo latitiiflc might be allowed 

a\m> to astronomical instruments. But figures like tbe shop of the sculptor, the chemical 

furaatue, the easel, the microscope, the air-pump, etc., hne no relatum. to the tiky, and ^ 

iheir being mixed up with the othme, is heterogeneou, diaagreeaUei, and without any 

taste." 

In the present advanced state of astronomical work as practiw! in ol»sfr\-atf>rit <?, 
thij bUj8 arc known not always according to the consteUutioni^, but frequently according 
to their right ascensions and declinations, especially the smaller class of objects. Several 
of the principal eoattdlations extend over aereral hows of light ascenaion, luoh as 
Serpens, Diooo, and Hydia. Serpens actually poasee through Ophiudiue. Seeing the 
many inconveniences attaching to the irregular forms of the constellations, it had been 
propoMkd by several astronomers, especially by Dr. Olbers and Sir John Ilerschel, that a ' 
revision of them might be made so aa to divide the whole extent of the heavens into 
wdl-defined, if not aiua], jrartions. Sir John Hemobel gave much attention to the ' 
auligect, and he drew up a sdieme for the poipose. His great name was not, however, 
sufficient to enable his proposition to be accepted by other astronomerSp It was generally 
cons idc red tliat tlu^ r xjK'Cted advantages (o bo f,'aiiied by n modification of the nomenclature | 
as derived from the ancienffl, would not bo a sufficient coinponsation for tlio loss of the i 
old historic appcllatious by which the principal constellations kave been distiuguished 
fnm the earliwt pwioda tn the annak of aatHinomy. So &r as regards the constellationB 
which rue above the horiaon of Eimpe, or at least those whidi were invented bgr the ^ 
primiti\ o astronomen^ oonddeiaUe difficulty wonld naturally occur in any revision before 
it could be mndo ^nemlly acceptable; but in the w>nthem hemisphere, where most of 
the constellations are comparatively of modem origin, and have not the sanction of 
eucb venerable antiquity aa the oliiera, a revision might be move easily effected. 

The ancient catabgue in iJie Almajiett of Ptolemy, compiled in the beginning of the 
second cmtary of tlio Christian e^^ contains very few records of statS not visible in 
Europe. Of the strietly soufliem constellations, only the follow ingr appear : — Arfro Navis, 
Am, Oontnunw, J.upns, and Corona Anstralis. Acbemar in Eridanus, and Cant>pus in 
Argo 2«iavis, arc the two only southern stars of the first magnitude whoee names appear 
in that oatalogiie. Fh«eniZi although no part of it ascends above the horixon of Europe, 
waa known to the Arabians nndsr the appeOatioai of the Griffin, or Eag^e^ from a very 
remote age. In the fiiteentii century, when navigation was extended beyond the equator, 
and sailors first became acquainted with those stars in the southern hemisphore unknown 
to the ancients, they found it oouvenient and useful to adopt a similar plan of grouping 
the stars iuto constellations as in the northern hemisphere; hence the principal asterisma 
which unmediately sorroond the aouth pole leoaived their names. Most of the others^ 
which are, however, of small extend were added by Boyer in 1679, by La Oaille in 175% I 
and ft fow by later astnmomen. 
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OBSERVATOHIKS IN TItE SO^THI:l^^^ TTEMISPIIERE. 

Soon after the invention of the ustronomical telescope, tlie zeal and energy of more 
than one astronomer waa directed towards the unexplored stellar regions of the aouUu 
About 1h» MUM time that the influenoa of the menhen <tf the lately emititiated "Bapl 
Society mm aufikneiit to peranede CSmiIm ii to order the ereotum of a huflcUng in 
Qreenwich Park for the obsonwtion tit the llboai, for the solution of the problem of 
determininf^ the Innrri^nrlf son, a younj* astronomer voluiiteenxl to proceed to some 
station eoutii of the equator, to observe the aceurate positions of the principal stars 
invisible in northern latitudes. Furnished with a recommendation from the king, who, 
with an hia ftulta, was a great supporter of aatroiMHiucal eeieoee in hie day, yoong 
Iblley, under the patronage of the East Lidia Company, sailed for St. Helena ia 
November, 1670. During a residence of two years in this island, Halley made sufficient 
observations to enable him to publish, in 1679, his Cnfalogus S(fll(intm Amfrah'um, 
containing, besides the positions of 350 stars, some other points of importance, especially 
an oberratiKm of a transit of Hercuty over the Son's disk, m the xemaika on ▼hieh 
he suggested that such obeerationa, if made at different plaoea on the Earth's sur&oe^ 
would be a g(xjd nu tluMi for determining the Sun's parallax, and consequently the distance 
of tlie Sun from the Eartli. In another cliaptcr we have referred to a like determination 
from llio transit of \'enu8 of 17(i!), the true value of the obf?ervations of which has only 
lately been fully ascertained. It is very probable that the original idea of young ilalley 
vas never fiwgotten in after life by this experienoed astronomer* toot in 1716 he suggested 
^t Hm transits of Tenos over the Sun in 1761 and 1760 ought to he fhOy oisserved; 
and he earnestly implored astronomers not to neglect so valuable an opportunity for 
determining' bo important an element as the horizontal parallax of the Sun. Throughout 
his long astronomical career till his death, as Astronomer Royal, in 1742, Dr. Ilalley never 
lost sn opportunity of impressing rtpan his younger scientific brethren the i^oe of these 
ohservationa. How his wishes were eventually earned out by his astronomical auooesKWB» 
eapedally by another Astronomer BoyaI» Dr. Ibskelyne^ need not here he fiirther 
enlarged upon. 

About the middle of the last century, a di.'if inj^uished French Hstronomer, M. LaCuille, 
proceeded to the Cape of Good Hope with the requisite instruments for making an extensive 
series of ohservationa of tiie southern stars. During his rasidenoe in Sooth Africa, 
I« Cdtle nude soffleimit observations tar determining tiie pamlla^wi of llie Uoon and of 
the planets Venus and Mars, and also for investigating the laws of atmoapheric refraction. 
Ho carefully mensurod the exact lengtli of an are of the meridian, an operation reqiiiring 
considerable skill and attention. In addition to tliese important works, he fixed the 
positions of ten thousand stars, which have been formed into a catalogue under the 
audioes of the Britudi Asioeiation. All tide astronomical labour was perftnned without 
the aid of an assistant, and with instruments by no means so perfect as those of the pr ese nt 
day. The obeervations were made primnpally in 1761 and 1762» with a small teleseope 
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of 2G^ French inches focal length and one half-inch aperture, magnifying only ahout eight 

times. La Cuille did not live to see the result* of his labours appreciated by his fellow- 

obiaerTersi fur he died a victim to incessant application on March 21st, 1762, while * 

his <»bwrv«iioiit wore paUiilwd in fli« mcoeeding year by bis tnmi and emeator,^ 

J. D. llknUi. 

Two observatories which have done good service to astronomy, have been established 
and dismantled in the first half of the prwHcnt cratur^'. The first was situated at 
Paramatta, about fuuitiKjn miles distant from Sydney. When Sir Thoiiuw M. Brisbane 
was appointed governor of New South Wales, he raaolTed to avail himself of the 
oppoitiintty thut «ffoid«d tw pramotiiig tlie aeicaee of aatronomy anumg the ooloiiuto in 
that diitriot of the southern hemisphero. He thmefen Mvoted an oboeimilory tit 
Paramatta in 1822, and furnished it with a transit instrument, a mural circle, and otli«r 
instruments, at the mmc time apjwinfing two assistant nstronomors to make a regular series 
of obaervatioQfl. A catalogue of the positions of 7,<i8d stars has been the rc«ult of their 
Uboun. On tba dflparteie of ffir ThomM BridNnie firoBi tke oolony sfe tin and of 18iS, 
the oibaarvatory was trontfemd to the eolonial govonunent, who appointed Hr. Charles 
Biunker to be the astronomer in charge. In 1829 he was succeeded by Mr. Dun]op« vho 
had made most of the obiM:TvutIons under Sir ThoiiiaH Brisbane. The obscr^'atory is now 
closed, the instruinciits haviiif^ been trunsferred to tlie Sydne\- (Jbservatory or to private 
estahlishments. The second observatory which had only a temporary existence is that of 
Bt SMena. The principal obflonrationa^ and tha talf onaa of importance, were nude in 4 
lSSth^}tflb»3€lttnm)iDt9£bBrwaj^VL^^ Thej warn inooipanted 

into a valuable catalogue of the positions of 606 Bouthem atari, for whic h Mr. Johnaoa 
received tho gold medal of the Royal Astronomical Society. The instruments belonging 
to tho St. llelena observatory were deposited during many years at the Royal Observatory, 
Greenwich ; they have hwa sinoa tranafeixad to tho Boyal Kavol Schools, Greenwich 
Hoqtital* to ha employed in tha inatmcticm of the senior hoys in the Niuttiool SdiooL 

The principal ohservatory in the sou them hemisphere is that at the Cape ct Good 
Hope. This establishment was founded in the early part of tlio reign of George rv ; nn 
order in council authorising its erection having been signed on October 20, 1820. The 
building is situated about four miles from tape Town, and ono and a hull miles from the 
heocih of Table Bay, at the month of the Salt Bivar. Iha meridian line towoida ^ south 
posses over Simon's Bay and Gape Pointy and towards the north orar tha east shore of 
Table Bay and the Blaubcrg ridge beyond. The centre of Table Mountain lies in a south- 
westerly direction, about six miles from the observatory'. The erection of the building was 
commenced on September 6th, 1825, and finished in the latter part of 1828. At first tho 
observatoiy was furnished wi& the usual astronomical meridional instrumenta and on 
equatorial ; but the meridional instruments, a tnuisit» and a mural eirde, have beat slnoa ' 
x«pLi( I 1 1 ^ li new transit-circle, constructed on the same principles and of tha tame 
magnitude as the great traiKsit-i irele at Greenwich. Observations can therefore bo made 

with tho same accuracy as at the |Murcut northern observatory. Tho Bev. Fearou Fallows 
sue 
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was t!ip first astronomer appointed by the Govemment. He was 8uccpeflc<l in 1831 by 
Mr. T. Henderson. The present astronomer in cliarge of the Royal 0b8ervat*)ry at tho 
Cape is Sir Thomas Maclear, who has occupied the office since the year 1834, on the 
appointmntt of Mr. Heodenon to the diatr of Prnctioal Asironoimy in the UniTemtjr of 
Edinburgh. 

Well equipped permanent obscrvatoiiea laen alao been established in various other 
places in the southern hemisphere. They arc all in a condition to advance our knowledge 
of the southern skies. That at Melbourne, tmder the care of Mr. Eller}', is one of the 
iint cUmb. Auitnlk oontainB two other public obMrvatorieab At Sydnej, ibo other 
Hi Adelaide, beaides one or two pfrivete estaUidmieiitB. Of the latter, that andier the 
direction of Mr. Tcbbutt, of Windsor, New South Wales, deserves a special mention. 
The principal ob.sorvntory in South America is that nt Sanfuitrn, ('hili, wlicre a 
conttnnouR series of astronomical obsenrationa has been carried on for several 
years past. 

After the publication of a 'valnable oatalogue of nebnl« in 1833, Sir John Herwhel 
oomidered that hie laboim would be incomplete without an exanunaiion of the Aj of 
the aonihem hemuqiherc in the same qrstematio manner as that employed by him in 

his researches in England. He thereforo flcfoniiin'xl at once to transport himself, 
family, and instruments to the Cape of Good Hope, where he could command that 
port&» of the heavens not visible in €hmt Britain. On hii anivai at the Gape on 
Jannaiy 16th, 1834, he took np a temporary reaidenoe at WetterfreidBn ; but coon after, 
meeting with a suitable mansion at Feldhausen, about six mllps from Cape Town, a spot 
rharminj^ly wituatrd on the last gentle slope nt the Lase of Table Mountain, he sfloeted 
it for his home (luring the four years he remained in Soutli Africa. Ilere he erected, 
within an inclosure — a kind of orchard, surrounded on all sides by trees — a building for 
hia equatorial, while hia twenfy*fiiot raflcetor waa mounted in tiie open air, doe preoaution 
being taken fbr the proteotion of the apecolum and other delicate parts of ibe instrument. 
The results of the labours of the illustrious astronomer ham hem published in a lugs 
quarto volume, full of original observations and research. 

As a remembrance of this scientific viait of Sir John Ilorschel to a distant part of tho 
globe, for no other object than that of a pure love to a science for the advancement of 
whieh he Ima devoted the greater port of his life^ a granite obeliak has been ereijted at 
Feldhausen, on the site of the twenty^foot reflector, with which most of his observatioRe 
were made. This obelisk was completed, at an expense of £300, in Februar}', 1842, 
in tho presence of the 8tih9cril)ers, who attended on tho wcasion of placing the top stone. 
It stands eighteen feet high from the ground, the base being six feet square and six. feet 
in hei|^ Tkm m an epaning on Hha esst &oe eathibitii^ the Hnsehd mari^ whidk 
points out the site of the twenty-foot reflector. This opsnuig is covered with a bronae 
plate, containing the inscription of the purpose for which the obelisk was erected. 

A proposition has lately been made, and there is every proLiihility of its l)oing carried 

out, for rookiog a complete survey of the southern heavens, on the same plan as that 
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pursued by M. Argelander, of Bonn, in his survey of the sky of the northern hemisphere. 
It is intended to observe the exact position of every star, at least, as low as the ninth 
magnitude, of which thoro uro probably 8cverul hundred thousands. Many years must 




THE HEItSClIEL 0DEI.I8K, ROFTn AFltlCA. 

necessarily elapse before even a major portion of this undertaking can be completed; 
but by dividing the labour between the princiiml southern observatories, it is hoped 
that the work will be so far accelerated as to permit the completion of certain zones of the 
heavens within a reasonable time. The amount of patience and observing skill required 
to perform an astronomical work of such magnitude can scarcely be appreciated by 
any but those who have been more or le^ accustomed to this class of scientifio 
labour. 

NEBULJE AND CLUSTERS. 

To view the general ap|)earance of a nebula, an observer is not required at first to call 
in the aid of a telescope ; for there ar« several well-known clusters of stars which have for 
ages been distinguished solely as condensed and bright patches of light. The interesting 
group of the Pleiades is one of these ; the principal stars in Coma Berenices form another 
woolly group. A somewhat similar cluster of stars called I'nesepe, in the constellation 
Cancer, can be resolved into a number of stars with very slight optical assistance. Some 
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of the prhldpal ielMOOpic ni>tni]:r may even be obeerred on very clear nigbt« with the 
naked PTC, as the great nohitla) of Orion and Ar<>o Navis. An old chart contuiniiig- the 
nebula in Andromoda lia,s been found, by cnnipaiing the jKLsitionrs of tha stars ooutained 
in it with modem determinations, to date as far buck m the close of the tenth century. 
This nebnk wbb tliiis reoognued in Ihtt liMTeaair and its podtion in rebtion to the staie 
WM Jmown at least nx liiuidfed yean liefere tlie inTention (rf the teleeeopa 

More than five thousand nebuhc and clusters, including both hemispheres, hare been 
oTMcrved and tafalogued. Astronomy is indcbfi>d for the most part to the two Hersflu'Is 
for tho coiuplfte analysis ol' tlic different varieties of these generally faint objects. Sir 
'William Hcrscbcl, in his retired residence at Slough, assisted by his sister Caroline, took 
advantage of hie aplendid r^ectini; teleeeopes to aeour the heaTena fbr these almoat 
inviaihle partiolee of star-duit. If anything special in their form was obterredy the 
magnificent forty-foot telescope was directed to them, when many which in smaller 
instrumonta appeared o<? ill-dofinrd matter, wcro rowlved into hundreds or thousands of 
dihtinct stars. By u careful and systematic scrutiny, Sir William Uerschel separated all 
ofa|ects whieh are cbused under the head of nebu]« into six divuions as follows :— 

1. Clusters of stars, in which aU the objects are elearly egparated, fenning one dose 
mass of stars, either in a gloluilar or irregular fiinn. 

2. Ri>s()lvablc- nebula , or sueli as give the nppearanco of b^ng staiS^ N^uiring only 
increasf-d ojstieal jiower to re«tilve the whole into distinct stars. 

3. Nebulic where there is no indication of stars, or probability that no telescopic 
power oould alter their appeonuwe. This division has been subdivkled into subordinate 
classes, depending on their nuigoitude and comparatiTe lustre. 

4. Planetary nebulae. These objects owe their name to an apparent resemblance to 
n phuutary disk. Generally they are either circular, or plightly oval. Sunie of" the 
pluiielury iiebuhe prt sent some lemavkable illustrations of eulour. One in the Southern 
Cross Sir John liersciiel uolieeU to be " a line and full blue colour, verging somewhat 
upon green." 

6. Stellar nebula. This dasa of objects has genoally a oondfliuatio& of light in 

the centre of the nebub. 

G. Nebulous stars. Here we have a nebulosity with one or more distinct stars 
shining through iL Nebulous stars are sometimes circular, sometimes oval, sometimes 
annular* but always 4»f regular fimm. When the nebula is cireulBr, the ater is generally 
in the centre ; when ellSptica], two stars are cAen seen in the foci of the ellipse. 

^^"*CT)lg the most remarkable of the nebuln) which have attracted the attention of 
astronomers, the following may be mentiiuR'd : - The great nebula in Orion, near Tln ta 
Orliinis ; the great nebula in Argo Xavis ; the eluster-ncbuhi in J'erHeus ; tlu; iu<bula 
in Andrumeda ; the dumb-bell nebula ; spiral nebula;, etc. The nebuke in Orion and 
Argo Navis, and the star-elostor in Peteeus* are alrcudj, liu -Ay dosciibed in the notes 
on these oonsteilations. 

The £tst detailed observataona of the nebula in Andromeda were mode by Simon 
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Marius in 1612. It appeared to him "to be composed of rays of light, increasing 
in brightness us they approached the centre, which was marked by a dull, pule light, 
rcscmbliug the light of a candle seen at sonio dijitauco shining through horn." 




Hill W. IIEKSi H».L'8 nUlTT-IOOT UKFLECTISQ TELEWOPX. 



According to Sir "William Herschcl, it is ono of the nearest of all the great nebulEc, 
about one and a half dcgix?c in length, ond in one of its narrowest places about a 
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quarter of a (lc{»rco in breadth. TIk^ most luminous portion of it approaches tho 
resolvable nebulo«i(y, und exhibits Kli<;;lit indications of a famt ml colour. Sir John 
llcrschol, writing in 1S2G, gives the foUowiug doUiilttl description of the great nebula 
in Andromsdft, vhidi h« had frequently obaerved with tho great nfl«etiiig telewope 
Bt Shm^. *'At pnMttt it hu not, indeed, » star, or onj wdl-ds6ned disk in its 
centre; but the brightness, irhich increases by a regular gradation from the circum- 
ference, suddenly arquircs a great accession, so as to offer the nppcamnco of a nipple 
as it were in the middle, of very small diamctoTj but totally deToid of any distinct 
outluM^ M diafe it ia in^owblo to say pndaely when tho nndena enda and the nebnla 
begina. Its nehulomty is of the most perfectly mill^ absblntely imsolTablo kind, 
without the slightest iendcnoy to that sqMialion into flooculi deecribed in the nebula 
of Orion, nor is fliere any sort of appearance of the smallest star in the contre of 
the nipple. This nebula is oval, very bright, and of great magnitude, and altof^^cfhrr 
a most magnificent object." Since tho dato of these remarks, which give the appeuranco 
of tho nebula as viowod in Hetsohol'a fiirty>ftot rafloeting tebsoope^ it haa been 
observed through aoms of tho largest refraating teUseopes, eqpeeially tho fifteen-indi. 
ohjeet-glass equatorial of Harvard College, United States, by Mr. Q. P. Bond. No signa 
of rcsolvahih'ty have, however, Von detected. The nebula is one of those which p^ive a 
continuous spectrum like the stars; it is therefore probably only nebulou:^ in an optical 
sense, owing to the extreme minuteness of ita constituent stars. Mr. HuggLus remarks, 
howoTW, that **it nay bo possible that nehols^ whioh have little indioatton of rssohabOity, 
and yet gi\ e a con6»»oift q)ectrum, such as the great nebula in Andromeda, are not 
clnsters of -suns, but gasrons nebula:, wliieh, by the gradual loss of heat, or the influence 
of otlier forces, have become cnnvded with more condensed and opaquo portions. So 
far as my observations extend at present, they suggest the opinion that the nebuIsQ whioh 
give a gasooua q pec trum are syatema poesssstng a atrocture^ and a lelatian to tho 
nmrwse^ altogether diatinot fima the great gnwq* of ooamicsl bodiea to whldi oar Sun 
and the fixed stars belong." 

The nebula shaped like a dumb-lxll or hour-glass is in the constellation Vulpocula. 
This is another of the irresolvable nebula;, but it differs so far from that in Andromeda, as 
to give a spectrum of one bright line only. It is thus evidently composed of gaseous 
matter. Tb» dwnb-bell nebola consists of two Imninons qfmmetrical patches, joined 
together by a narnnr isthmos, the whole of which ia surroundod by a faint nabolosity of an 
oval form. As the appcnrancc of this and most of the other nebulae changRs considerably 
according to the magnifying power used, it may be remarked that when viewed through a 
good telescope a low power is always to be preferred when examining these faint objeote. 

The variety of figure of tiw nobvln m very great They are of every oooosivafala 
ahapo, oironlar, eilliptioal, epirsl, doable, trijde^ quadraple, and indeed of tho most eztro^ 
ordinaiy irregularity. In many the form changes completely when viewed in telescopes of 
different magnitudes. A nebula in Tauru.s, observed by Sir John Herscho!, nf nn oval form 

of some regularity, when seen iu tho great reflector of the Earl of fioese is changed into tho 
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form of a pgaatio crab, vith its fiiU number of legs and ckwa. A veiy irregularly shaped 
nebula in the loallieni oonstellation, Dorado, imdnded within the hi^per Hagellaiiie domd, 

ia one of the finest objects of its class in the southern sky. The centrnl portion of this 
beautiful ncbuhi is rnmposrd of patches of light and dark alternately, surrouTKled by a paler 
nebakwity, over which arc scatteml a number of very minute stars. The two mottt remark- 
•lUe of their r^nlar nebnhe are fhow dabt Iheta Orinus and Bta AigAi* 

The preceding examples of the ncbdsB are all taken from the irresolrable daaa. The 
cluetorH whlcli, in low-mognifj'ing tdescopcs. arc seen as nebulous patches of ligb^are most 
interesting objects. One in the constcllatioji IIltcuIos is visiblr to llic naked eye on fine 
ni^ht*. It is seen as a luminous round spot, but it may be ensily n'solvttl into hundreds of 
stars, stillj however, retaining its globular appearance. Two iii ihe aouthom sky, one in 
Osatavrus, the other in Toucaaa, have been sketidied hj Sir John HerscibeL That near 
Omega Centauri is abe viaiUe to the naked vy^ aa a dim nnmd oomeCio objeot» in lustre 
similar to a star of the liMlTth or iiflh magnitude. Wlien seen through largo telescopes it 
is resolved into an immense number of stars from the thirteenth to tlio fiftociilh magnitude, 
strongly condensed towards the centra The cluster in Toucana is in the neighbourhood of 
the lesser MogoUanic cloud, in a spot almost £rco from staia. The condensatiom in the 
centre ia ywy mailEed, and is of a ruddy orange ooloar. It oontrasts Tsay vividly with the 
iHiite light of the stars immediately surrounding the eentnd part of the cluster. 

Clusters, like nebulne, are to be found scattered over the greater portion of the heavens ; 
they are, however, very scarce in some ports. They arc tlie raost numermjs in or near the 
Via Lactea and the Hagellanio clouds. The richest regiuu where the globular clusters may 
be finind is certainly in the aouthera hemisphere, especially in that part of die Milky Way 
between the eonstdlatioM fiagittariasi, Coirona Austrslis, fiooipio, Aia, and Lapos. ^le 
Milky Way itself may be considered as the largest and nearest of the clusters, especially if 
we include our own Sun as one of its memben^ as has bean apeeulatively asserted by Sir 
John Herschel and other astronomers. 
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"Fnirwrt of beings! flnit created light ! 
Priino cause of bMUty I for from thM alaiM 
Tbe fparkling gm, the vegetable nca^ 
!%• nobler mvliiii tint IiT« and bnatltt flntr duuni^ 

from thy utifiului^ soiiici' of spkniJuur draw I < 
In thy pure shinB with traosport I (urvi-y 
This finrnunent, tnd thaw her roUiog world% 
•HMir amimtndci and notiau" 
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THE SUN. 




N" tlio solar system the Sun is tlic <,'rcat central source of light and heat. 



according to Thoon, of Smyrna, the heart of the universe. I'ractically, however, it is 
the eontre of a numher of independent worlds non-luminooe at themBelre^ foiming, 
a» it were, ihe foeiw anmnd which they oil rerolva In fact, without ita sttractiTO 
power, all the planets, from Mercury to Neptoae, oooH not he preserved fat a 
moment in their zespectiTO orbits, but thoy would disappear into epnee!, one knowa 
not whither. 

As the different planets arc separutol from each other by a considerable distance, 
the apparent magnitude of the Sua as seen from each varies in proportion. As viewed 
from the Earth, the angular diameter of the Sun is rather more than half a degree, so 
tliat it would take about 700 Sunn, pluce<l side by side, to make a ccmipletc circuit of 
tho (clt'itial pphero. If it were possible to trmiMport ourselves to the surface of 
Atereury, the uearetit known plunet to tho Sun, we should tind that the solar diameter 
would he apparently greatly increased, and that the inteosity ot the solar light could 
not probably be borne by inhabitants constituted like ourselves, even fw an instant. 
On Neptune, on the contrary, the Sun would appear only as a brilliant star, the light 
and heat r<'c( ivrd at that immense distance Ixing upwards of six tliousiuul times less 
than that ex{K"ririui'<l on the surface of ilercury. Thi? actual diameter of the Sun, 
as determined from the latest astronomical duta, is abuut bd6,500 miles, or 108 times 
greater than that of the £arth. Its snperfieial extent is 11,679 times greater, wh^ 
it would require 1,363,153 globes, each of equal magnitude to the Earth, to form a 
body correi^iKinJing' in bulk to that of the Sun. But it has been found that the 
density of the material forming thi- Sun is nhout one quarter of the terrestrial dont^ity; 
oonsequently, if weighed in opposite ^^cules, only ^.iO,UUO Earths would be reijuirod to 
equal the total weight of the Sun. These numbers app^u* large, but they are probably 
known at the p re e en t time within all reasonable aeeuiaoy. Whenever any unproved 
determination of the Sun's ab^ulute distanoo la made, these quantities which represent 
ita bulk must alwaya be corrected in proportioa to the alteration of the amount in 
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milcfl of the distance of the Sun from us, because the radius of the Earth's orbit is the 
fundamental unit uswl iu the culculatiun of all the numbers representing the 
dimcntiiuns and bulk of not only the Sun, but of the different members, both primary 
and sccondar)', of the solur system. The determination of the value of this funda- 
mental unit in astronomy is considered of so much practical importance, that we do 




TUB KOTAL OBi«KnVATI>UV IH FLAHSTEEU H i lMK. 



not hesitate to fpve a brief, but slightly detailed, explanation of the principal methods 
employed by astronomers to obtain the best possible result. 

The Astronomer Royal has stated that the measurement of the Sun's distance has 
always been considered the noblest problem in astronomy. He says, " It is easy to 
measure a base-line a few miles long upon this Earth, and easy to make a few 
2I« 
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geodetic surveys, and cosy to infer from them the dimensions of the Earth with great 
accuracy ; and taking these dimensions as a base, common to every subsequent measure, 
it is easy to measure the distance of the Moon with trifling uncertainty. But the measure 
of the Moon's distance in no degree aids in the measure of the Sun's di.stancc, which 
Inust be undertaken as a totally inde[K<ndcnt operation. A second reason is that, in 
whatever way we attack the problem, it will require all our care and all our 






ingenuity, as well as the application of almost all our knowledge of the antecedent 
facta of astronomy, to give the smallest chance of an accurate result. A third reason 
is, that u])on this measure depends every measure in astronomy beyond the Moon ; 
the distance and dimensions of the Sun and every planet and satellite, and the 
distances of those stars whose parallaxes are approximately known." Although, how- 
ever, this problem is one of the most attractive in astronomy, yet its practical solution 
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is a Teiy difficult matter indi>cd : in proof of which it may bo stattxl tliat wveral off 
the most eminent asfmnnmnrs, from the days of UipfsarfhuH down to thr present time, 
have devoted much original thought on this subject, and yet it cannot be said tbut 
an abwlately correct reault has Imou obtoined, altHough there is Toiy little doubt Aat 
we now know tlM tnie distance of the fiun within very small limits. 

There are semal methods by which the distance of the Sun may be determined. 
Some of tlirin arc, however, of too abstruse a iifiture to hr even mentionwl licrc. 
That which is considered to be the best mctliod is by tlie observe t ioii ni' the transit of 
the phinul Venus aerosi» tlie solur disk at different stations on tlie Eutth's suriuce. 
This phenomeiMm oocure only at long iaterrab, the lost having taken place in 1768, 
while the vest will be in 1874. When Tiewed from stations widely separated itk 
latitude, the portion of the disk of the Sun traversed by the phmct is apparently very 
different in two opposite locnlitie'', arising from tlie eflc<t» produced by the di«ij)lneo- 
ment of the true path of the planet on account of parallax.* By observing the 
accurate local tine of Ihe ingress and egress at the diflerent stations, the ezaet tune 
ooenpied 1^ the planet in passing tram one edge of the Sun to the opposite edge 
defines this apparent 'patli of Vcnos over the solar disk, and gives the relative 
displaccmrntf caused by the ditfi rent amount'' of immllax, as viewed at the respective 
stations. From theae observed data, the hori/i»iital parallax of Venus can be deter- 
mined, and from it the distance of Venus in miles from the Karth. Wc know 
already, with the greatest ezaotnsss, by means of Eqiler*s third law, that when the 
mean distance of the Earth ftwn the Sun is represented as unify, that of Yenus is 
(K723; consequently, by the simple rub of proportion, it is a very easy matter to 
deduce indirectly the distance of the Sun when that of Yenus is known; or, in like 
manner, of any other member of the solar system. 

Although, howoTcr, the mere obsorvation of the amounts of the displacements 
of a planet on the solar disk as seen from two widely-separated statifMU is no Teiy 
dtfficttU matter when we can get the (i]ii>ortunity, yet in consequence of the very minute 
angular value of solar parallax — leas than nhiv seconds of arc — and the extreme care 
reqnired to observe the phonomrnnn afeuniii ly, a large number of observations by 
ditfcrent observers are necessary before a msultiug parallax can b© deduced correct 
within a few hundred parts of a second of are. This preciseneas must be obtained, 
or the labour and expense <tf the expeditions are utterly useless. But our readers 
may naturally ask, What is meant by the angk of a seoondjof aicf This quantitf 

* Famtttae k the ai^annt eliang* in the pnrilion of an object due to t clumge in the petition of the obacmr. 
In Mhdttel olfleet^ it ia the «agb ukhr whiA a Iin« dtswn fhnn t]t« aUtion of the tAarrm to tiie centre of 
the Eartk mmld appear St tbo olgcct obm rMd. PiinillMX is iilwn,vi>: the gnat< st nhr n ttu! oliji 1 1 is in the 
horuon, whore it ia eallc4 the horizontal jurnllax, tlinu'niKhing ^uluitlly to tlie /t tiith, whi-rc it u nuthinf^. 
It iM only u]>iin.'citt1)li; in the i>08itiuiiii of Sun, Muuti, |))nni't.H, anil cnnii-t^, the iixt'd otirs lining far too di«t«tit 
to he jMfnsihly aflTwttfl hy it, even if the station of the ohscrvt-r br clutuginl fixjio the uorth to the south 
|iolc-. In B fvw cascB, however, the cflccta of pnmllsx hnvo iH'on tl<'tri't<'il ill the poaitioBB t£ aoma of the aaarcat 
of the fixed ataia whan vieired from oppoatte aidM of the Ewtb'a orbit 

ns 



Digitized by Google 



41. is:. 



.< c 



THE SL'X. 

is 80 minut« that the unassisted ryf is totally unable to appreciate it. Mr. Pritchard 
] * * remarks : — " It will convey but little iden if say if is the 324-thousandtli of a right 
J.*"^ angle, for the very nunibera confuse the mind. But what then is a second? It is 
«qui^eat to the angle eubtended by a ring one ineli in diemeter, viewed st 
dutaace of three nilee and a third. The correotioD to be made to the Sim's pandlax 
'^^^ is just one third of this; that is to say, it ia the error which a rifleman would make 
who shot at the right-hand chIj^c of a sovereiijii placed ticpln' miles off, and whn 
hit it by miHcbanco just on the \>A\ edge! It in wlint a human hair would appear to 
' * *i be, if viewed at the distance of above 150 feet ! Such are the quantities with which 
V ^ astronomy, of seeessity, deeb." If» then, & aeoond of aic is ao minote a meaaitrement, 
an.- what must ire say when this aeeond as again subdivided into tenth or hundredth 
•is'-t* parts, evcrj' one of these hvindredth parts of a second of the solar parallax representing 
is': 100,000 miles in the dftcnnination of the distance of the Stm from the Earth? 

And yet this almost mathematical accuracy ia obtained in suck observations as the 
transit of Venus over tho Sun's disk, if the observers ore favoured with a serene 
sky, at those statioas where both the times of the ingress and egress of the planet 
ip: are auoceesfully observed. 

j^,^ Tlie advantage uf determining the distance of the Sun by means of tlie observations 

•g^. of the transit of Venus nvcr flie solar di^<k, was first poiiifcd out by Dr. JIalley, in 

^ tho year 171C, and again a few years before his death. Althuugh it was impossible for 

^2 himself to see any practicel result eiismg from his suggestions, he eleaily demonstmted 

the possibility of observing the tiaaaitB whieh were to occur in the yeara 1761 and 1769, 
remarking that he bequeathed the problem of ascertaining the distance of the Sun from 
tho Kartli, aceordinp: to a motluxl proposed by him, as a task to posterity, llic primijjal 
astronomers of tho last century gladly accepted the bcxjuest, for cxtonsive arranj^tMnents 
were made by tho leading astronomers of tho day to curry out Dr. Uaiiey's view^i, tirst 
in the year 1761, and seooodly in 1769. In the former year, some of the most experienced 
astroMmioal observers of Europe were sent to varioas parts ef the world, but from 
doudy weather and other imfavourable causes, tho results obtained were not so 
accordant ns was desired. Partial faibiro in the first instance only stimulated tho 
obscr^'crs to make renewed exertions in the preparationn fur the next transit in 1769. 
Hiipeditions were sent to distant plaoea iast thm object, principally at the expenae of 
the Oovemmenta of several of the European aatiene. ^e Englidi Oovemment gave 
a very material assistance, by fitting out an exploring expedition to the South Si as 
under tho command of the celebrated Captain James Cook. One of tlic principal 
instnictinns piven to fhh frnat navi^rator was to select a suitable position in the 
island of Otaheito for the purpose of observing the times of the ingress and egress of 
ihe planet Yenue at its transit over the solar disk on June 8^ 1769. Mr. Green, 
formeriy an asastant at the Boyal Observatoiy, aoeonpaaied the expedition as 
a stronom er. ObeerAations of both ingress and egress were made by Captain Cook, 
Hr. GrecOk and Dr. ^iolander, at a wpot which is known as Yenus Point to this day. 

ais 
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Ifeasra. Wales and Dymond, bolli fonnoirly of the Royal Observatory, made similar 
oWrvations nt Fort Prince of Walos, Hudson's Bay; JIM. I'Abbc Chappc, Doz, 
Pauly, and .Mc^liuii, :it St. Joseph, in r'alilomia; M. Uumowski, at Kola, iu Lapland; 
aud Futiiers Hell ami i^ajnovics and M. Burgrcwing, at Wardoe, an island in the 
Arctic Ooean, at Hm aorth-eoatern tadra^tf of Norway. A» sooa m the 
ofaflerrationa weire reoetTcd in Europe, they were snbjectcd by some of the principal 
mathematicians to a severe critical discussion. 31. Lalunde published his investigations 
OH a srpnmt<> trentiso. The results on the whole were considered to bo tolerably 
accordant, although, the greatest and least diti'ercd 0"'39 in the value of the 
**koriaOBtal equatorial solar paraUax," equal to fimr mSHoaa of uilea in the Sun's 
distance. The separate Talues of the rssolting sohr parallax mm aooording to 



Elder 8*82 

Pingrt^ 8-81 

Ilomsby . 8'78 

Mujskclync 8-72 

Lexell 8-68 

Smith 8-61 

Lalande 8*50 

Hamnann 8*43 



The preceding results were not obtaiitcd from the obserTations of the observers 
previously mentioned alouo, but partially from tlioso of othor ol)sorver9 stationed in 
various localities where only one phano was visihlo, tlie iTi;^rcsH in some places, and 
the ogress in others. In 1822 and 1H24, in consocjuence of the ad\'ancement of 
astroiMniuoal knowledge, M. a celebrated German astronomer, publidied two 

elaborate treatises on the anhject, the first containing an ample eorntmy of the 
observations of 17G1, and the second a thorough critical investigation ctf those of tliu 
transit of 17(15). Using the improved data at his commnnd, he pivo ns tbc value of 
mean solar parallax the definitive rt-dult of 8"'577(i, whiih was at onee acccptid 
by astronomers as the best data in existence for the dutermiuutiou of the tSuu's 
distance. Hence feat many yean the numbers 9d,d00,(MH) miles whtdi were deduced 
firom it came into general nse* A result vary similav to Encke'e was previoualy 
obtained by M. de Ferrer. 

This new value of the Sun's distance was rcceivod with so murh eoiifitlonce as to 
become almost a " household word " in astronomy, for a period of nearly forty years. 
The first donbt of its absolute truth came ftom FrofaMor Hansen, cf GoUui, who, 
while constmcting new lunar taUes» Ibnnid flutt to satisfy the more refined ofaBervationa 
of the Moon now made at Gn'en\\ ich, It wiis neceflssry to make a considerable increase 
in the value of the solar p*™""* M. Le Yerrier, alao^ while pcsgMixing new taUea of 
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tibie moremcnts of Venus, the Eartb, and "Mnm, announced (ihat to malce the theory 
agree with the observations, the solar parallax required an inenjase of ono-thirticth 
part. Attention being thus drawn to this subject, the Astronomer iloyol gave, in 1867, 
tA onl addran before the mambers of the Eojrel Asixoiuiiiuoal Sodety, iit whidi. he 
•tnmgly urged the iMoea»ity of making eerly pidiiiiuuury anengementi for the proper 
observation of the next transits of Venus, which will take place in the yeairs 1874 and 
1882. But at flic same time lie ]iointf fl out fliat \vlien the ]5lanct ^lurs is in or at its 
nearest flistaiH'o from flio I'/iiih, the oliservation of its paialltx would give imlirottly 
a value of the Suu'a diiitaace little inferior to that ubluiiicd from the transit of V enus. 
Xa 186S, Hbsniim, an eadtamm maasn of obflervatkiia vaa made, ivith fizBt-^daaa fixed 
inetrameiLtB, at Oreentridi, Pdkowa, Waahingtom, and Albany, in the northem hemi- 
aphcre, and at the Cape of Good Hope, "Williamstown, near Mclbonrae, and Santiago, 
in Chili, in the southern hemisphere. These observations have heon investigated by 
different astronomers independently, the result of each confirming in a remarkable 
manner the theoretical deductions of MM. Hansen and Le Terrier. 

Tb» abaolttte agreemoit in the mean Talnea of aokr parallax, detennined by 
methods totally different in their manner of solution, pointed to the netessiiv for a 
re-discussinii of the observations of the transit of Venus marie in 1709. M. I'owalky 
was the iirst to do this, but although the result obtained by him agreed nearly with 
the increased value shown by the recent determinations, yet the method adopted in his 
oaloiilationa iraa opm to several objcctiou. Mr, Stone haa, howoTor, made a aobseqnent 
inTeatigation, by interpreting the obaerrationa atrictly aa recorded in the notea of the 
observers, and by dividing the phenomenon into the two phases of real and apparent 
internal contact eau.«etl by the effects of irradiation produced by tlie intense light of 
the Sun. The interval between the two phases was found to be about nineteen seconds 
of time. M. Encke, on the couti-ury, treated all the ubsorvutioiis as real internal 
ccmtacta, ooocluding that ▼here any diaagreement between the reoorded times of the 
different obaerrera at the same ata^n took plaoe^ the diaoordaooe probably arose firan 
a }><'rsonal error made by the obser\'er. The interpretation given by Mr. Stono is 
undoubtedly the corre<«t one, an opinion which has been endorsed by the principal 
English astronomers. Thus after the lapse of a centuty since the transit occurred, 
the originality of one mind Ima nnraTelled a mystery whioh had perplexed the hmn 
of astronomy since U. Hansen first expre ss ed his opinion in November, 1854, as to the 
necessity of a considerable increase iu the value of the solar parallax. According to 
Mr. Stone's reseanlics, the true Naluo given by the observations of 1769, is S"'91, 
Op^reeing sensibly with those determined by M. Hansien, M. T^e N'erricr, from the 
observations of ilars in and iroui the experiments of 31. i'oueault on the velocity 

of solar light. In some ranarks on thia subject, the BeT. Charles Pritdiard says:— 
**ThuB all now has beoome clear in this very intricate qnestion. We will not say thna 
haa been removed the opprobrium from astronomy, for to astronomy it waa never in 
reality an. opprobrium. The physical circumstaneos atteoding the passage of a dark 
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iMdy OTor a very l>righi ono, and tiifln viewed flmmgk a tel«MO]M> were not understood 

at the time when the obscrrationa were made, and it was thcfle which produced, not 
the astronomiral error, but the then inextricublf flifficulties of the coae. The error 
arose from the observers of the transit seeing without porceiving, and it has been 
aoat auoeenfoUy renioTBd bj Mr. Stone, who perMived ih» tteaolng <£ tha i^wnomena 
without leebg tham." The mean, or average^ of all the trustworthy reoeut determi- 
nationa is 8''*90. This valne of the solar parallax, which ia the angular measure of the 
Earth's equatorial semidiamoter viewed at the mean distance of the Sun, gives for that 
mean <li.-<tancn, witli only a .small pmlialile error, 'J 1 ,.S tl ,(»00 mHcs. 

Il we view tlu> suriace ot the Sun with au oriiiuary aatronomicui telescope, numerous 
small Uadc irregular patdhea or spots are generally visible. Sometimes as many as eighty 
Imvs bsso ooaatsd at ana time, while at parioda near Iha mmimnm fiaquaiuy, the solar 
disk is perfectly free from them. Oocasionally these spots are of sufBcient magoituda to 
be obsnrved with the unaitsint^d eye, protti tcJ only by a coloured g-lass. Around the 
principal spots there is generally a fringe of less density called the penumbra. After 
a ^t has been under csamination for a abort time, it may frequently be observed to 
undergo oonsiderabla alterations of ibm, while the oantnd part, or nueleoa, whieh is 
generally much darker thsa the reat, hM baea seen on many occasions to revolve. A 
remarkable instance of rotatory motion was noticed by the Rev. VT. Iv. Dawes, in 
January-, l^'.')?, when the whole spot was observed to hare rotafcd in six days completely 
around the small black nucleus. The vuriatiuus in tlic appearance of the spots do not 
fflUow any mle^ ftr oooasioiially a spot will keep its general eontow from tibe time it 
enters on the solar disk to the moment of its disi^ipearing on the opponte side^ while 
Othws have been known to himk up within a day or two into twenty or thirty distinct 
portions. Some extraordinary variuttf)nH of this kinrl can be seen in Mr. Currhigton's 
reconls of solar spots; and the Eov. F. Howlctt ha.s laid Ijefore the nK'inl>er8 of the iiuyal 
Astronomical Society special accounts of two remarkable spots, the first visible from 
July 25th to August 4tl^ 1862, ihe second in October, 1865. The dtmaisiona of the hitter 
extended to IKT in Isngtii, and W in. hreadidk ; and making allowanoa for Its irreguhuity 
of form and density, it spread over a superficial area of not less than 972 millions of 
square miles. Adding to thi?, tho disjilai ements cansod by numerous small spots in 
other directions, the solar photosphere was disturbed to the cnormouB extent of 
l,ia7,0UU,UOO square miles, or six times that of the whole aurfooe of the Earth! 
Solar ^pots have, however, been observed fiur exoeeding in magnitude tiiose reoorded 
by Mr. Hewlett. In June, 1843, a very remarkable one was visible without tho aid 
of n teleseope during a whole week; its diameter, accf)rdiii<,' to M. Schwabc, being 
about 77.0UO miles, or nearly ten times that of the Earth. On May G-Jth, 1837, Sir 
John lierschel, while located at Fcldhausen, Cape of Good ilopc, noticed a spot of 
eoDormotu siao, the black oentre, or nudetu, being large enough to have allowed a globe 
of sunilar magnitude to the Esrth to drop through it^ leaving a thottsaad. milea dear 
oi oontaet on all sides of the brink of the tremendous gnlf« 
m 
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Owing to the rotation of the Sun ii its axis, which occupies ahout 25"* 8\ solar 
spots can be soon to apparently Irart rso Ihc Sun's disk from cast to west. Somr •which 
have disappeared at the western edge have been again recognised on their reappearance 
at the cutem edge, although tlieir form may lunw widergone considerEble modification, 
during the intemJ. The spoto are entirely oonfiaed viihin an equatorial Kme^ 
extending between iibnty and forty dcgreea eaiich side of tho solar equator, or rather 
between two zones, one norlli and the olhor south of tin; oqtinfor, ihe intermediate band 
on tho equator itself being comparatively free iVom (lieiii. They arc never seen near 
the poles. Maaj speculativo theories on tho nature of solur ^pots have been put forth by 
eemel leading aetronoinen, but their piobaUe origin is atill open to diwusrion. 

The oo&ttnnoos mapping down of the Sun-q»te Innn day to dajr, peruatently earned 
on for years by If. fidiwahe, of Dessau, by Mr. Carrington, and at the Ecw Observatory, 
has produced an nccumnlntion of most \alual)le facts relating to the distribution of theae 
interruptions to ibe uiiii'onn briliiuncy of the solar photosphere. It has been discovered, 
principally from these records, that the frequency or non-frequency of solar spoXa is not 
altc^ether an aocidaital cireuraataiio^ hut tiint there is a considerable regularity in the 
times of maximum and minimum. From the obswutions of M. Sdlirabe, it seemed 
tolerably clear that the interval between maximum and maximum generally consisted of 
about ten years. At one time this periodical variation was sijpposod to bo connrcted with 
a similar periodical change in terrestrial magnetic declination, or the variation of the 
eompess. Later obserratioui havei, however, thrown some doubt tm the apparent 
ooincidenoe. The posittouB of Yenns and Jupiter in oertain parte at their orbits haT* 
also been noticed to coincide wilh the maxiinimi frequency of Sun-Rpotjj ; this connection, 
however, is at present far from proved, and a much more extended series of observations 
muBt be made Ix foro any rosulta tlcHlneed from tlie possilile elleet of planetary iufluenoe 
on the solur photosphere will be cuusidered us sutit»fuctorily established. 

Dark spots of irregolar form axe not the only objects seen on the solar auriiwe 
iriien viewed durough an astronoiniesl tdescope. It is not veiy difficult to detect 
near the limbs, or edges, of the Sun, and also near ordinary Sun-spots, some very 
lominouR streaks of much preafer relative lustre than the surrounding photosphere. 
These streaks arc kuowu by the name of /aculte. They are generally many thousands 
of nuke tn length, and frequently oonne^ad one with the other orer a apace equsl 
to thirty or forty thoussnd miles in length, and from one to four thousand miles in 
breadth. Other singular appearances on the solar disk are distinctly visible when 
pcen through large telescope-;. Theso plieiujiiiena have been distinguished prineipally 
by the names of jrranulcs, willow-leaves, rice-grains, etc. Ubscrviitions of the general 
granular aspect of the solar surlace have bocn frequently made, but the tirst detection 
of the smsll interlacing particlflis termed wiUow-leaTe^ which are quito distinct things 
fenn the ordinaiy granulei^ was made by Mr. Jamea Naamyth, the inventw of the 
steam-hammer. A considerable controversy was carried on for some years as to the 
real existence of these object^ but they have now been seen by so many leading 
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astronomical observers that little doubt remains that these apparently minute particles 
form an important part of the photosphere. Tho tirNt jinnrmiK'rinmt by Mr. Na^mvth 
was miulc in a private letter to a friend, and afteni^ards communicated to the public 
Mr. Nasmytb remarka that ''th« filaments in qtication are seen, and appear well* 
at tHe edges of the luminous surfaoe where it overhangs the penumhra, as also ta 
the details of the penumbra itaelt', ond most e.speeially arc they seen clearly defined ia 
tho detaik of 'tin- Iiridgos,' as I term those bri^'lit siriaka which are so frequently seen 
stretching aero^NS from side to side over the dark part of the spot. So fur as I have as 
yet had an opportunity of estimating their actual magnitude, tiieir average length appears 
to he about 1*000 miles, the width about 100. There appears no definite or symmetrical 
arrangement in the mannw in which thejr are scattered over the surfaoe of the 8un« 
fw they appear aeross «ach other in uU possible vanetj of directions." 

Among the numerou* olwervern who have seen these wcll-dcfinrd Bolar particles, 
we may mention M. Secchi, whose observations made at Rome on April 11-13, 18G9, 
are peculiarly interesting. He noticed that the penumbra of a solar spot under 
ezaminatian was covered witb the small luminoua partidesi, termed "wi]IoW']eaTea»" 
all of which were nearly identical in fbrm. Thejr were arranged apparently in 
bundles, converging towards the centre of the spot, aci-oss which tliey were thrown in 
the form of a bridge, an anpcd in a double line one after the other. M. Scci hi 
considers that the "willow-leaves" form a kind of net-work foundation of tho photo- 
gj^ban. The ohserratioos of M. Secdii represent rery closdy what has boon seen by 
the aid of the great thirtera-iooh object-glass equatorial at the Boyal Obserratory, 
Greenwich. 

]ly his Fprrfrosc'-vpir researches on the solar spots, M. Secchi has pro^ i d sal i-faotoiily 
the evident Imllow structure of these phenomena. Moreover, he bus cibstivcd dial 
the cavities are tilled with dnisc nietuUic vapours, such as may be supj>osc«i to exist 
at the bottom «f tho solar photosphere. This is only one of the numerous solsr 
disooreries mado since the application cf spectrum analysis to the oompariaon of salar 
light with that emitted by terrestrial substances hentrd to u state of incandeseencc, by 
which our knowlc<]gc of the principal elemeats contuiaed in the solar photosphere has 
been so considerably increased. 

Since the discovery in August^ 1868, of the gaseous nature of the rose-coloured 
prominences seen in all totsl eclipses of. the Sun, several astronomersi, iadudtng 
M. Janssen, Mr. I^ockyer, Mr. Iluggins, and IL Secchi, have clearly demonstrated that^ 
in addition {<> (ho ordinary pliotosphere, o narrow belt of coloured gaseous matter — 
princijxilly liy(ir<>;j;en in u s(ali' of combustion — extends over tho whole surface of the 
fcJun. Hitherto, portions only ol this continuous Ijcd of self-luminous matter have boon, 
observed during total eclipses cf the Sun, the irrugulurities or detadied portioiu being 
known as the roae^oolouied p rotubetancee. A large port ot Ihe Moon's edge was seen 
fringed with this rose-coloured matter, during the eclipse of 1851, by the Astronomer 
Itoyal, Mr. Hind, ^Lr. Dawes, and others. In the eclipse of 18G0, M. Le Vcnier 
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noticed it also. " The Sun," ho remarks, " is simply a luminous body on account of 
its high temperature, covered by a continuous bod of rose-coloured matter, the existence 
of '^hich is undoubtedly proved." M. Janssen's and Mr. Lockycr's independent 
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upcctroscopic experiments since the solar eclipse of August 18th, 1868, have definitely 
confirmed what was before considered mixed up with speculation. The first observation in 
sunlight of the rose-coloured mutter composing the protuberances, is very remarkable. 
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^I. Jrmssen was so struclc with tlie brilliancy of (In- bri^lif lines in the spectrum of tho 
jiiiidilxmnccs during tho wHpw, that ho ir-Hnlvid to continue his observations aft«r 
the totality was over, if the weuiher rcuuiined favourable. Unfortunately, the Sun 
diiappenied dinotly after the eolipee, and ooDtiniied obscured during ihe remBrndar of 
the day. However, eoon after aunrise on the next nonuBg, H. Jaiuaen eneoeeded flir 
beyond his expectations, for lio was not only enabled to observe the bright lines of a 
prntuhrmncr, but ho coaUl easily infor fiom ihf-m ihr> rapitl oluuifjrs constantly going 
on in tho form of the jtromiiiPTiro. Mr. Loukyer first saw the bright linos in <;Tinlight 
on October 20th, 1S66, before he was uwui-u of tho success of M. Janssen in India, which 
WM not aonooneed in Enrope before October 26th. Eadi obaerror may thereforo jnitly 
cUiun ft ahare in tUs important diaoovery ; but to M. Jaoaaen undoubtedly bebngs tho 
honour of being tho first person who observed these curiooa appendagea of the Sun 
without tho intervention of the Moon in a total eclipse. 

The observation of the roso-coloured matter around the edge of the solar di^k ha^ 
been TBiy aBDoeaalul, not only by M. JuMen and Mr. Lookyer, but by Mr. Huggins, 
M. ZSUner, and Fftdre SeodiL Profeaaor Ziillner, of Le^ieio, has publiabed some 
remarkable delineations of the loae-ieolounxl piotuberaneea aa obaenred by bim on July 
1st and Itli, ISril). The npidity of motion of the pompnxinp mnttcr is verj' clearly 
siiown in the different sketches of the same prominence, ^s^)Iae <>r them having been made 
ul iulervuls of uuly a few minutc» of time. Mr. Loekyer has uu frequent occasions 
sotioed HiMo rapid moTsmenta of tiie goaeooa aolar matter, aometimea drifting with a 
velocity of iorty nuba a aeorad in » vwtioal difeotion* and one hundred and twentjr 
milea in a horizontal direction. 

It is useless to speculate at present on what insight we may tilftrnatoly obtain 
into tho chemical ctHOposition of our great central luminar}', but tho systematic 
examination of tho lolar disk, by means of the powerful spectroscopes now in the 
hands of aorao of our moat eminent amateur astronomers, cannot &il to inereose onr 
still imperfoot knowledge of solar physies to an tttimt of which at preasnt we can 
have only a vague conception. 
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" A» nhm tin Uiiii new ikca 
Looks tkroogh the IioriaoBtal wkttf sir. 

Shorn of hL» beunis, or from behind tht Moon 

In <iirii ii-lijisr (hs;iMriius twili;,'ht .■.^•■•l^i 

On half the uatioDS, and with feiir of change 
Faiidnw wmatelmt iuHmti to, 7«t •bone 



^^^iIIE most ancient record of a solar eclipso is to be fuund in the Shoo Kin>j, 
the oldest hiBtorical trcatiso in the GhinMB lauguugo. In work it is 
relntod that in tlie rrign of Cliiing "Esukg, the fourdi of tiie H«ft 

dyoMfy, an «e1ipM of the Sun took place, Tho paaaage recording this event occurs 
incidentally in an account of IIo niul IIo, two import^int scientific officers, who appear 
to have had the superintendence of astronomical questions, and wore responsible to tho 
emperor fur the due announcement of all predictions of astronomical pbenomenaj which 
wen always required, on aooount of oertam religioiiB ceramonioB having to he petftwmed 
when anything nnunial took fdaee. Bomg, however, rather too fond of wine, these 
unfortunate astronomers neglected their duties, and consequently, failing in the 
prediction of the eclips« in question, rendered thcmsclros liable to the punishment of 
death, which, according <o the old chronicle, was duly iniiict^d. In the She Kf, 
a collection of Chineije history, in three hundred volumes, this tragic anecdote is 
repeated. ISx, WiUianu^ of the Boyal AstroDomioal Soeiefy, after a oritioal earaminatim 
of the 8hoo Kmff, and other Ohinese worka^ has oome to the oondnsian that this edipse 
ocenrrcd in tho year b.c. 2158. 

The record of several eclipses of th(^ Sun has been handed down to us in flie 
works of the Greek and lioman historians. Meet of them have been mentiuued in 
eonneet&m witli aoma speeiBl histonGsl event. Aoenrate epochs for chronological 
xeferenee have been obtained hy the calcolatioa of the datea of these eclipses by 
means of the refin(<d astronomical tables of the Sun and Moon ttOW in use. Tlie eclipse 
of Tluiles of Miletus, as recorded by Tlorodotus, is one of (he most important of these 
ancient eclipses, the exact date of which haa htxiu. determined. No chronologer 

227 



Digitized by Google 



KOTEa OK THE 80LAB 8TSTBM. 



conndeM ihia iubjeet of giwter importaooe tiian the prewnt Astnmflnier Boyal, to 
vhm «« are Sndebted for the definitiTe aettleiiieiit of die date of this old hiatorical 
epoch. Using in hit eeleulatioiu tho new lunar tables of PtofVssnr Hansen, whicE 

WPTO constructed from the Greenwich <)l)'4Prvali('>iis of (he Moon, ilr. Airy lius fiiiull)' 
decided that the eclipse must have takini J)1:i(L' oh May l^.stli, it.c. oHo. Tlic substauco 
of tho account of tho buttle fought on tho day of thia ecliptie, as related by Ilcrodotus, 
ie^thai upon the refttnl of Alyattes, king of the Lydiaas, to deliver up Mune S^tiuan 
fagitirea to Qytaaxim, king of the HedeSi irar broike out between tiie two natunia. 
Ilostilitics continued between them during five years with equal success. In a battle 
which took place in the sixth year of the war, tho day suddenly turned into night. 
The effect on the soldient through this unlookod-for transition from light to darkness 
was io great, that, probably tnm ftar, both sidea eeaaed fighting HmeltBueooaly, and 
eaoh endeavoured aazionaly to obtain peaoe. Ihia eolipee waa foretold bj Thalea 
lome time before the battle* and ia Ihe nkoet aneaent record of an undoubted a^onomical 
prediction. 

Xcnophon relates in his Anaftfid^ that when tho Persians obtained the empiro 
of tho Eu«t from the Modes, the king of the Persians b^icged tho city of Laritsso, 
auppoeed hy Layard, Jonee, and olhera to he the modem Nimroud, but he oould not 
eueeeed in eqituring it But a eloud covered the Son and oauaed it to dieappear 
TOmpletelyt creating ao great a consternation among the inhabitants that they withdrew ; 
and thus the city was taken. It has been found, from calculafioTi, that a total eclipse 
of the Sun actually occurred on May i9th, B.C. 557, a date which agrees sensibly with 
that ou which the disappearance of tho Sun is related to havo taken place at Lorissa. 
Am a farther proof of the identify of the anoient reooid with modem reoeareh, it haa 
been found that Ihe oentnd band of tirtality pamed over the .dietriot known now aa 
Turkey in Asia. 

A phenomenon, which appears to havo been very similar to a total eclipse of tlio 
Bun, is recorded to havo taken place about tho year h.c. 4^0. It is thus described 
by Herodotua:— "With spring the amiy, being ready, set out from Saidee on ite march 
to Abydoa; end aa it waa eetting out| the 8an« leaving hia aeat in heaven, beoeme 
invisible, when there were no clouds but a perfectly clear sky ; and instead of day it 
became night. Xerxes, who saw this and heard about it, felt some nnxiety, and inquired 
of the magi what the appearance portended ; they replied that the deity prognosticated 
to theOrooks the desertion of their cities; s!iym<,' ihat the Sun was the prognoetioator 
for the Gredce, ^e Hoon for the Peniane. When Xenea heard thie he waa very 
joyful, and proceeded on his march." This event, whicli has been intecpreted as a 
total ccJi'pHo of tlie Sun, hna given much trouhlo to ehronolO{ger% who oannot make the 
historical rtn-ord agree with modem calculations. 

Another very important chronological eclipse is recorded by Diodurus Siculus. Tho 
foot of thia aoiar eclipee having occurred, ae related by the hiatorian, haa been 
oonfinned beyond queetion by the Aatnmoner Bc^ and othen. The computed date ta 
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Anguflt ISUi, 1I.C. 810. AgathodM, being blockBded in the luvboar of Sjnusiue hy tiib 
CbrthaginiiiM, Momtty ibnned tlw dealgn of iaTftding tlM Ckrtliagimaa temtoirie«» tmt 
WM ttttftUe for fereral days to evade the enemy's fleet. At length a oouroy of 

provision-ships appeared; the blockading ships left thotr stations to nttaclc the conroy, 
when Agathoclcs seized that opportunity for leaving the harbour. The Carthagiuiuns 
soon discovered tibat Agathodes Iiad fled* when they left the convoy and followed him, 
bat he eeoaped -with diffienlly under coTer of the night. '*I1m nest day," says 
DiodoTDi, "there was such an edipw of the Sun that the daj whoDy put on the 
l^ipcaranco of night, stars bolng soon pvrr}'wli(>ro." 

A well-authenticated total eclipse of tlie Sun occurred on August 31st, a.d. 10'$0. 
It is well known, in Norwegian history as causing a great consternation at the battle 
of fitaVJrlaatad, daring vhieh tiie Doniih long Okf wai alain. 

In additMm to the preeeding aneient xeoovda of total edipnat many othen ham 
taken place, especially in China, hut very few reliable data can he gathered hictarioally 
concerning them, though the truth of eereral ha« been oonfinned by modem 
researches. 

I'hcnomena of this kind are of rare occurrence iu any oue particular portion of 
oar globa In Sng^and, &a example^ no total eoUpw of tiie Son has been obaerved 
amca the 3rd May, 1715, new style. On thia ocoaeaon the naiiow hand of total pbaae 
pnaoed over London. Several other total eclipses hare boon recorded by some of our 
ancient chroniclers m having: taken place in former tirn(>s. In an old Suxon chronicle 
relating to the events of tho year 1140, it is recorded that "In the Lent the Sun 
and the day darheiied about ^ aooD-tide of tiie day, when men wen eating ; and 
fhey lighted eaadlae to eofe by. That was the {birteenth day beftve the oalenda of 
ApriL Men were very much struck with wonder." "William of Malmesbury also 
states, in reference to tliis eclipse, that while persons -were sitting at their meals, the 
darkness became so Rreat tliut many thoiiirht that chaos was coming, and, on going 
out, several stura were seen near the bun. According to tho oomputatiooB of Dr. 
Halley, this eclipee took ]^aoe in Marob, 1140. A lemarbaUo total edipae of 1h,e Sun, 
viaiUe in SootlHid, ooourred on June 17tii| 1488. The time of complete obaouration 
was long xemombercfl in that country as tho Black Sour. Another took place in 
1598, on a Rntnrday, which was frequently alluded to for a considerable pwiod in the 
border counties of England and Scotland, as Ulack Saturdujf. 

When nnmeroua objects ore scattered over the firmament at different diatances 
and in varying poaiUona, it aomatimea happena that three objeeta will oome into the 
aamo line, or nearly ao^ by the interposition of the central object. Now this is 
precisely the case in an cclipfc of the Sun, when wc have tlic Sun, Moon, and l^arth 
in a line, and, as viewed from tlie surfkoo of tho Earth, the ^loon is the intermediate 
body. In a total eclipse of the Sun it happens that, at tho greatest phase, the 
oentre of the Moon passes over the eentre of the Son, and as on these ooeasions the 
apparent diaouter of the Moon jb slightly in esceia of that of the Sun, the latter body 
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ItMomes invuiUo to the inhalMtanta of a small pwUim of tlie Earth oootained withm 
tha aone of totality. la &TOiurabIe eclipses, the duration of total darkness varies from 
three to six or seven minutes. Tin's, liowcv<^r, (I(>p< ik1s on the position of the Moon 
in its orbit, and in the hoavens, ul the lime of t^ital darkness; because its apparent 
diameter visibly incrcasca or diminishes from day to day as it approaches or recedes 
fnm tin Elottli. The augmentation of the Moon'a dumetar la alao TOiy Mtnilila 
wbm at its greatest altitude. The Sun'a apparant diameter also -rariei in the eoune 
of the year, but in a less degree. For an eclipse to take place with the maximum 
p( ritxl of total darkiu ss, tlu> tliroe following conditions should be fulfilled. 1. — The 
iSiin imist be :it iti ^^reate-^t distance from the Earth, so tliat its angular diameler 
would be at the juiuiiiuiiii. 2. — The Moon, on the contrary, must be at its least 
dtitanoe from lha Earth, to that iti aagidar diameter would appear at the maTimiim. 
3v— ^a position of the Son and the Moon in the firmament at the mooMnt of total 
darkness should be in or near the zenith of the place of observation. Thrae thras 
conditions were very nrarly fulfilled in (he great solar eelipse of Auf»ust 17tli-18th, 1868, 
in which the total darkness, at stations near the Gulf of Siam, continued during six 
minnfea and fifty seoonda. HHian at the time of an eclipse tin Moon is in upogce, or 
at ita greatest distanoe from the Earth, its appamt diameter ia lesa than that of 
the Sun, so that although the two centres are coincident as before, no total eclipse 
ran take place; hut the Sun being now the apparent larger bodv, a ring is formed 
unnind the dark Moon, causing an annular eclipse. Une of this kind was voTy 
satiafactohly ol>8erved in the north of England on Sunday, May 15th, 1836, and 
attracted oonsideraUe attention throughout the British Isles. Wh«si the oentrca of 
the Son and Moon are not enincident, aa Tiewad from the. Earth, w« have then a 
partial eclipse. Tliis lost phenomenon is of frequent oooaneiice> 

The principal phenomena visible during n total eclipse of the Sun are the following: — 
1. — The corona, or ring of light, surroimding the dark body of the Moon. 2. — The 
brilliant star-like points seen immediately before the commencement or after the 
end of complete ohsooration, commonly called " Sally's heada." 3. — ^In^alar fiame- 
koking protnberanoea on the dark edge of the Moon, usually of a pink or rose 
colour. 4. — ESe( t.s of total obscuration on scenery and animals. Oor remarks will 
therefore be confined briefly to these four phenomena. 

The luminoiis ring, or corona, is on exceedingly interesting object. Ancient, as 
wdl aa modem, philosopheia have written of its heantiM appeaamoe. Philoatimtiii^ 
in hia tif Apottoniiu, says, "In the heaTons there appesiad a prodigy of 

this nature. A certain corona, resembling the iris, siirroundcd the orb of the Sun 
and obscuretl hi-i light." Plutarch has also alluded to the corona. Confining 
ourselves to more nir)dom observations, Dr. Halley, who observed the eclipse of 
May 3rd, 1715, from the apartments of the Hoyal Society, Crone Court, Fleet Street, 
remarked that "A few seoonda hefore the Son was aU hid, there waa disooveied 
around the Moon a luminous ring, ahout a digit, or perhapa a tenth part of the 
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Moon's diameter in broadth. It wnn of a pale wbiteneas, or rather pearl colour 

The ring appeared much brighter aud whiter near the body of the Moon than at 
a dulaiiBa from it*" M. Be Louville, a Frenob ttmuU vho obewved the eelipae 
with Dr. Hallej, alio notioed the Inminoai ring, whieh apfMored to him coloiired 
with a deep red around the edge of the Moon. Jfr. Baily, who observed the eclipse 
of July 8th, 1842, at Pavia, remarked that the breadth of the corona, if measured from 
the circitmforence of the Moon, appeared to be nearly equul fo half the Moon's 
diameter. It had the appearance of brilliunt rayt^, the colour being quite white. 
The nys had a TtTid and flickering appcaraooe, Knnething atniilar to that which a 
gadight illumination might be suppoaed to aaanme. On the aama oocaauHi Hr. Airy 
■aw the eclipse from the neighbourhood of Turin, when he noticed the corona as a 
rinj* of faint, nearly white light; but douda intorAred in some Tn«»n«urc with his 
observations. lu the eclipse of the 28th July, iHbl, the corona was seen by Mr. 
Airy niadi more fiiTomaUy. Ho remarks that "The corona waa fiir broader thaa 
that which I aaw in 1842. Boug^y speaking, its faraadth waa little leas than 
the Moon's diameter, but its outline was Tcry irregtthur. I dU not remark any 
bcjiTTis projeetinj^ from it which deserved notice ns much more conf^iruous fhari the 
otliers, but the whole waa beamy, radiated in sfrudure, and terminated (though very 
indefinitely) in a way which reminded me uf the ornament frequently placed round a 
marinar'a compass. Its cokNir waa white!, or w a o mbling that of Tenua." Appearanoes 
amilar to those deaoiibed ha?e been seen at dtierent edipaes by the muneroiia 
ohaerrers who h&ve now witnessed a total eclipse. It is not neceaaaiy, howerer, 
to examine the eoparato accounts of the^e astronomers, whoae notices of the OOrona 
agree aeaeihly with thoee of Mr. Airy and Mr. Baily. 

The origin of the corona haa been the aabjeot of many aatronomioal diacoadona. 
It was aaggeated hj Kephir, anppoaing the phenomimon were connected with the 
'Nr(K)n, that an csplanotion of it could bo given by conjecturing that, as the rayS 
of light were proceeding from (he Sun (« the Earth, tbey might be refracted whilst 
penetrating the Mooii'h atmosphere, occaiiioiiing an appearance anfilogous to the corona. 
Dr. Halley looked with some favour upon this hypothesis. Because thitt otitrunomer, 
in the edipse of 17111;, observed that the conma appeared to him to be ooncemtrio 
with the Moon, ha oomahidad that it was poaaibly owing to the Moon's atmosphere, 
as snggested by Kepler. Dr. Halley does not, however, give this opinkn without 
some qualification; for he has stated that the great length of the ray« far exceeded 
the height of the Earth's atmosphere ; and " the observations of some who found the 
breadth of the ring to increase on the west side of the Moon aa iho emeraioa 
appfoaobed, together with the contraiy sentiments of those whoso jadgments I shall 
alwaya revere, make me less confident, especially in a matter wliereto, I must comfeaa, 
I gave not all the attention rtxjui.site." lu the opinion of Dr. Halley, the corona 
was much brighter and whiter near the edge t>f the Moon than at n distunco from it. 
It resembled, in all respects, the appearance of an enlightened atmosphere viewed 
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from a great distance : but he would not undertake to decide fiiiiilly from the 
observatiuiis, to which body the luminous ring belonged. With regard to the 
iutriiuio brightness of the corona, most aatronomen have aeon it disappear ftt tbo 
appeanmee of tho first direct my of light from the Sua ; Imt H. Seoehi, in 1860, 
distinctly saw the corona forty seconds after the end of totiil obscurution. 

Various experiments have been made to obtain an artificial illustrution of tlio cornna 
by M. Do T.a Hire, M. Delisle, Professor Powell, and otherai No Tory decided result, 
however, has boon obtained from their researches. 

So muclii ftttentioa baa been given to thia phenomMioo at ereiy cdipse ainoe lS4St, 
Uiat moat aalnnioiiiien have now agreed to oomdder that the oovooa la an appendago 
of the Sun, although matter of which it is compoeed ia atill a nyster}'. In the 
eclipse of August, IHOS, Captain Pniiifill oLsi-rvwl that the corona VMS itrongly polaiiaed 
everywhere in a jilanc passinji^ tlinaiijh the tciitrc of the Sun. 

" littily s beudj*," or the breukiug-up of the uurixiw liuc of the Sun into brilliant 
partidiea immediately beJbre total daxlmflM, hare not been leen by some eelipae 
ohaerrera; while, on the oontnuy, othera have noticed and deeoiibed thorn aa a 
phenomenon of marvellous beauty. The immediate cause of the beads has tin this 
a<Touiit been the subject of much discussion, and even now connot be said tu liave 
received a final settlement. The most probable explanation is, that the solar rays are 
fanaBmittad thniigh I3ie vaUeye on the Hoon'e edge, while they an at IShb aama tima 
cut off by the mountainoua ridgeat Theee tnaanitted laye being aflfeeted by iw a diatio n, 
or by the fidse light pnxTuced by their paasage through the varying densities of the 
different »frata of the Kartli's ntTnofsphcre, or from optical defects in tlio telescope, 
give that sparkling n])j)earanee which has been ver^' tnitlil'iilly eompar<xl to a diuniond 
necklace. Tho author saw an eifoot precisely similar to this at Christiuniu, during the 
eclipse of Jnly 28di, 1851 ; fin-, while anxiously watching f» the total obaonntioii, 
whieh todt place in fifteen eeeonda afterwarda, he eaw th« narrow line of ffaa Son 
suddenly break into these small particles of light. They were of diiSbrent magnitudes, 
some of the beads being merely brilliant points, while others were larger and elongated 
in form. He could not help exclaiming to his assistant, who was counting a 
chronometer at his side, "0 what a glorious sight; here ia a necklace of most 
hriUumt diamonds 1" In hut, he waa unprepared for so magnificent a sight, although 
he was expeotmg somothing very startling. At tho reappearance of the Son the same 
general jjlienomena were exhibited; tho effect on the imagination was not, howoreiV 
80 striking, but there was no sensible difference in the brilliancy of the beads. 

This phenomenon, though distinguished by the name of Mr. 15aiiy, hod been 
noticed by many previoua obawan. Dr. Halley lamailDi tiiati ia 1715, about two 
minutea befiire the total immemon, the remaining part of the Sun waa reduced to a 
yery Bnc horn, whose eztnnnitiea s ee med to lose their acuteness, and to become round 
like stars; and, for the spaee of a quarter of n minute, a small piece of the Houthern 
horn seemed to bo cut off from the rest by a good iniervali and appeared like an 

S3S 



Digitized by Google 



TOTAL ECLIPSES OF THE SUN. 



oblung star." M. Nicolai, irho observed at Mannheim the annular eclipse of Septemher 
7tli, 1830, states that, about a second before thn aiinubis was formed, the fine cam of 
the Mooii'n difk, then iiiimediatL'ly in contact with tlio edge of the Sun, appeared 
broken iato several part«; and, in a moment, these parts flowed together like drops 
of trater or qdobilTer new eaoh odier. M. Be 2aak utr linulKr plieiiooMiu dttting 
the seme edipse. Mr. Baily has givm a gmpliio aeoount of the heads eeen hy him 
in the great annular edipee of ftinday, May ISthi 1836, which has been the neana of 
idcntifylnf^ bis name with them from that time. "My surprise "was g^reat," he 
remarks, "ou Ending that these lumiuuus points, vls well m the dark intervening 
spaces, increased in magnitude, some of the contiguous ones appearing to run into 
eadi other, like drops of water; for the rapidity of the cbaage waa ao great» and 
the smgolaiity of the appearance so fascinating and attraotiTO, that the mind was for 
a moment distracted und lost in the oontemplatioin of the soene, so as to he unable to 
attend to evert- miuuto occurrence." 

Interesting as the preceding objects are to the telescopic observer, they have only 
a seeondaxy rank in eampariaon with thoao e xt r ao rdinary and mysterioaa appendagea 
seen only during totality, and known as "red pNnunenoes.'* These ooosist of 
porotubcrances, generally with a more or less reddish tinge, scattered promiscuously 
on the edge of the Moon, and project<^d on to the white corona. Some of these 
prominences are of colossal size, reaching to a height of fifty or sixty thousand miles or 
more : the majority, however, are much smaller. Some are seen detached, and apparently 
floating ahoTs the Sun's photoi^hera. They are eonclnsiTely ecmsidered to owe their 
origin to the Sun ; but, from their comparative faintncsa^ l&ey had been only 
observed when the solar disk was totally obscured by the Moon, until after the eclipse 
of August, 1868, when the spcctroHcopic observations of il. Jansscn, at Guntoor« in 
India, and oi Mr. Lockyer, in England, revealed them in full sunlight 

Photographs were taken of fhe diifonnt phases of die eclipses of 1860 and 1868, 
m the former year by Mr. Da La Bue^ and in the latter by Major Tennant, at Oantoor, 
and by a GevDaik party at Aden. In Mr. De La Hue's photographs the progress 
of tho M on over several prominences is distinctly marked. This direct evidence of 
the movement of the Moon over the prominences is much stronger than that of the 
oyo-observations of the most experienced observers; for, during the totality, one's 
mind is so engrosied with so many uneoipeeted noretties as to make it impossihio to 
grasp eifoiy detail in tie short interval of tuna ooonpied by the total obscuration. 

Attention was first directed to these prominences by Vassenius, who obsors ed them 
in Sweden during a t-otal eclipse which occurred in 1733. No particular attention 
was, however, paid to them till the eclipse of July 8th, 1842, when they were again 
noticed by Mr. BaQy at Pavia, and by Mr. Airy at the Superga hill, near Turin. 
In this edipse Hr. Baily saw three hnga pvotuberaneei^ having Uie an»earanoe 
numntains of prodigiona elsvationi of a red colour, tinged with lilac or purple. They 
somewhat resembled Iha sunny tops of the Alptns mountains when coloured by the 
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risinji; or tsttling Sun. Mr. Airy also ob3er\-ed three red prominences, and, what is 
most r*fuuirkiil)lp, they wrrc scon by Mi*. Airy without fhn ai<l of n fflescopp. 

These curiouB protuberances ou. the Moon's limb caused such universal interest 
to oLaerving BBtronoinein ^at, on the occarrenm of the edipu of July 28tii, 1851, a 
]arg» ntimW Ttnied Norway, Sweden, Mid Eastern Prussia, oxer which, countries the 
narrow dark band of totality passt J. Thr Guveniment sent oat a special expedition, 
consi?tinf^ of i]\v Astronomer Pioyal, Mr. lluniplirrvf*, nnd the aiithor. The Astronomor 
lloyal ob«»erved the eclipse ut Uottcnburg, Mr. Humphreys at Christianstadt, and the 
author at Chriiitiania. Of the piivate obscn'ers, Mr. Hind and Mr. Dawes were 
stationed at Reydsberg, near Bngelholm, Sweden; Ifr. Adams at F!rederiksvami» 
Norway; Mr. I^stM;!! at Trullhiitt(>n Falls, near Guttcahurg; and Mr. Csnrtngtfm at 
Lill;t r.ilet, on thf Guta river, Sweden. Other observers were scattered otbt the 
narrow zone of totality from tlic westrm coast of Norway to likistcrn I'rus-sia. 

Nearly every astronomer made bucccssI'uI observations of the different phenomena. 
One of the prominennes was of such a peculiar fonn as to attract the attention of every 
observer. This curiously«fonned prominence was o{ a homed shape, curved in the 
direction of the lower portion of the Moon. Its hooked appiaraiiLO m^ such an 
impression on the author's Tiiiiid that he formed a fair estimate of its magnitude. 
Ho was able easily to do this, because there were some parallel wires inserted in the 
telescope, the value of the interval between which he had accurately determined a day 
or two previondy. The height of this hooked prominenoe was found to be ahout 
45,000 nules, and Its breadth at the base 15,000 miles. Ito odottr was rose-pink, but 
of a very deep shade. On the appearance of the first direct ray of light from tho 
Bolnr disk, this protuberance, together with two others of smaller tlimrnsions, suddenly 
disappeared, no trace of thorn being visible oiler the formation of the beads at the end 
of the totality. To the Astronomer Boysl the large prominenoe appeared like a 
bomerang, the oolonr hemg fiill lake-red in some psrts, the remaining porttoa bnng 
nearly white. This prominence was seen by the Astronomer Royal, and by some of 
his friends, with the naked eye. lie also iiotieod many other prominences, and a red 
detached cloud, in the form of a balloon, douting above the Sun's photosphere. Mr. 
Hind and l£r. Dawes also saw a detached cloud, which is identified with that seen by 
ICr. Airy. Befinring to the huge prominence which was uniTcnally observed from 
Western Norway to Eastern Arusaia, Mr. Dawes rcraarki^ "In ahapo it somewhat 
resembled a Turkish cimeter; the northern edge being convex, and the southern 
concave. Towards tho apex it bent suddenly to tho sotith. Its northern edge was well 
defined, and of a deeper colour than the rest, especially towards its base. I should call 
it a ridi carmine. To my great astooisluiisnt, thb manrellous object continued visiUs 
tar about five ssoonda after the Sun began to le^vpesr. It then raindly jhded away, 
bat it did not vanish instantaneously. Fmn its extraordinary size, curious form, deep 
colour, and vivid brightness, this protuberance absorbed much of my attention." 

In the eclipse of tho Sun of July I8tb, 1860, to observe which the Admiralty granted 
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the free use of II.M.S. "Himalaya" for the conveynnco of the astronomers and their 
instrumenta to the north coast of Spain, the red promiuvnccs were successfully observed. 
It is unnecessary to describe in detail the accounts of the forty-throe means who were 
inelud«d in tiie "Hinwilaya" party ; nor even of tlie many eminent tamga aatraaomefB 
who visited Spain for the same jMtxpOSft. A risgk exaupk will bo sufficient. Wo shall, 
therefore, merely fi;ivo the substance of an extract from the remarks of the well-known 
discoverer of minor planets, M. Goldschmirlt, who was stationer! at Vittoria, He states 
in his account that the most imposing as well as complicated of all the prominences, 
called by bun Hie ohanddier, was gnuid beyond deacription. It roae up from tlie Hooa*a 
dark limb^ appearing like atender tongvea of fire^ and of a roae odour ; ita edgea parplo 
and traaaparent, through which the interior of tho prominence could be distinguished: 
in fact, it could be distinctly seen to be hollow in Hlructure. Shortly heforo the end 
of tho totality a slight display of light in tho shape of a fan was seen to be emittetl 
from tho summits of these rose-coloured and transparent sheaves of light, giving to tho 
prominenee the res/ appeaiaaoe of a ehandelier. Ita baae, vhiek at &e commencement 
of tbe totality waa noticed to bo very decidedly cm. the blaok limb of the Moon, 
became slightly leas so, when the whole looked more ethereal or TapoonBh. Tho jets 
of light which proceeded from tlic summits of the prominence disapp«»ared with tho 
shooting forth of tho first ray of tho Sun; but it was not so with the protuberance 
itaelf. An inatant bdbro the end 9i the totality several amall pnmlnenoaa were aeen 
to he lying oloae to eaeh other on the right of ita baae^ fbrming a aqnara. Two odien 
of the same size were alao aeen on tiie left aide of the boae^ aa viewed by a teleooope 
which inverted. 

In the total eclipse of the Sun observed in India in August, 18G8, one very 
remarkable protuberuuce, as iu 1801, was universally seen. It wuk remarked by Dr. 
Wetaa, who waa atatiooed at Aden, that it waa in length equal to the eighdi part 
of tiie Snn'a radma* or fifty-three thownd nulea. At Ghmtoor, Mqer Tennant leoorded 
the height as 3* 20", or upwards of eighty thousand miles. This great prominence was 
tho one selected for tho analysis of its spectrum by M. Janssen, Major Tennant, 
Lieut. Herschel, and M. Bayet, at different stations on the central line of shadow ; the 
reaol^ announcing the Batfoluminoas gaaeona natwe of ita oonatitatioo, waa telegraphed 
to Eorqw on tiie aame day. 

With reference to the material of which these prominences are compoaed, M. Le 
Terrier had suggestod tliat the Sim may bo simply a luminous body on ncconnt of its 
high temperature, and tliat it i.s probably covered by a confinuou.s bed of roMe-eoloured 
matter, the existence of which has beuu so ubundautly proved from the observations 
made ainoe 18^ Thia auggestioa of M. Le Terrier haa been oompletoly verified by 
tiie apectroacopitt diaooveriea of Ur. Loekjrer and IL Janaaen. Ur. R. Grant and 
M. Littrow had also expressed their opinion that the ohaemtions of 1842 and 1851 
clearly indicated the existence of a nanow layer of luminona matter exterior to the 
ordinary photoephcro of tho Sun. 
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Tliougli the nppplliitinn of " total darkness " has been given to tlie intense gloom 
which always takcH place when the 8uii is totally bid, yet no modern obscnrer has found 
insufficient light to prevent Lu-ge print being read at 1ih» wdinaiy distance from the eye. 
But tlio nnnatnnl gloom, in which eTerything ie wrapped, aAots in aome dicigree all 
who witness it. In 1842 TSi, Airy remarked that the appearances were very awfoL 
The gloom increased evnn- moinciit. Tho candle seemed to bhizu wilh unnatural 
brilliancy. A larpr cloud in the zenith, nppcnraiicc lie bad not particularly 

remarked, but which wub probably of u cuuiulustrulus character, became converted into 
a Uaok nimbiiB, bhM^r, if possibly than pitch, and aeened to be deaeending rapidly ; 
iU aapect heeame tombly menacing, and seemed to be animated. Vr. Aiiy eaja, *'0f 
all the api>carancc8 of the eclipse, there is nnnc which bos dwelt move powerfully iqion 
my inuifrination than the siglit of that terrible tloiid." Tho same astronomer has 
stated tlmt in 1H51 the darkness was even more striking than in 1842. At Christiania, 
in 1851, the darkness wa« not similar to that of night, for the ootlinea of mountains at 
least fifteen milea distant were iluntly visible, and the titl»-pag» of a book eoold be read 
ten or twelve inehes from the eye, though lliero wila a diifioulty in doing so. But the 
general appearance of the landscape was so extmordinarA- that, rit this lapse of time, it is 
firmly fixed on oiir memory. Any of our riaiders who hove journeyed to the upper 
part of the Christiania Fiord must have noticed tho numerous small islands which ore 
BMUiwed about, partionlttriy near the city. The efliwt of the darloMai m tbii ansture 
of land and water waa Tecy peculiar ; the odour of the water being a deep purple, and 
the islands a dusky yellow. During tho progress of the eclipse tho sky was generally 
covered with cloud of different densities, giving much anxiety to the obeerrers. Tho 
Snn was, however, comparatively free from cloud during the totality. The awful 
ap|>oanmcc of the terribly block cloudy portions of the sky, and the intensely gloomy 
look of the remaining portion, cannot eoaily be fergotten. 

The following account of the darkness, :ts \ ie\yed by a lady at Christiania, givea 
tho impressions of a non-scientific obflerrer. Though somewhat imaginative, atiU ita 
generol truthfulness maybe relied upon: — 

Our very hearts stood still ; Nature herself grew suddenly silent ; the songs of birds 
oeaaed ; the animala buddled together, and oowend in dknoe ; the darkneaa awept on, 
awept over us, wrapped ita wings around us ; a abange gtueniah yellow bue mingled 
with it, and gave it the most aupematund aspect. The horizon wore a belt of that 
greenish yellow hue; the vegetation around us assumed it; the human fuceH in which T 
looked refitftted it. Tho Fiord, with its waters and rocky islets, was coveixd in that 
strange pall; and through the mysterious and impressive gloom uprose the tall pines 
ftom these islete, loddng like gigantic speotrea rising from out of chaoa — a puler, 
yellower kIkkIc than the darkness around them. All was unearthly-looking, but 
unspeakably f^raiul, full of awe and solemnity. How long that darkness lasted I know 
not ; mine were not scientific observations ; but, quickly as it had travelled, it moved 
not quicker than the thoughts and impressions of the human mind. The darkness had 
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not gathflrad nwnd u* m oUmt <lftrlm«wii doea : it bad sir«p( on from one quarter of 
tiho haarana to tha oUier; and ve «nr it oomtng from one nd^ wliila the odker waa 
atill b'ght. Now it aeenfted to rise up at onco from ua, aa if it lifted its great wings 
and gathered itadf up. We aaw ham. whence it eente; we aaw not whither it 

went" 

It was remarked by CapUun (now Colonel) Biddulph, R.A., who observed, in 1851, 
at Bri{bak, Norway, that dming tha time the Soil waa eorered tha light idlae t e d from 
moat of the oommon ohjeeta near htm waa of a deep Una puiple. He had eolleoted a 
few wild flowers, hive and yellow, and aome red strawberries, which he formed into a 
gtov^ Ha found that tha red waa not reflected at aU, blue tolerably, yellow not Some 
blossoms of clover, which were more of a crimson purple, were slightly distinj^Ishable. 
Captnin l^ifldiilph ronsiduml tlmt the dartness was g^at^r than Qt tlio prcrwHng 
rnxduight. Ihe darkness of tlie midnight of southern Isovviny in the mouih of July 
ia noti however, Tery intmaa. 

lib. Hind, at Bayveleberg, noticed that, five minntea before totality, the whole 
landacape appeared gloomy and unnatural ; the sky being int^naely Uue and the air 
strikingly chilly. After a short interval, the southern heavens became of u deep sombre 
purple, or purplinh j»^rpv, the corona diatinct to the naked eye ; while in the zenith 
and northwards, the aky appeared as if it had closed in, and was of an intense violet 
colour. Near the horixoa, from the VJUJW. to RN.E., the sky was oooapied with 
handa of a de«p otango red, with inteemediata apaoea of a purple hoe^ frndng tho 
moat aatoniabing and appallittg phenomenon that it ia paonUe to imagine. 

In the eclipse of 1860, Mr. Airy considered that the darkness was not ao great 
as on tho two previous occasions. Mr. De La Eue, who observed this eclipse at 
Rivabollosa, near Miranda dc Ebro, observes that, when he bad once iurnefl }tis rvfs 
on the Moon, encircled by the glorious corona, then on the novel and grand spectacle 
preeontod hy tha mmnmding landscape, and had taken a hnrtied look at the wonderful 
q^pearanoe of the hcaT«ia, ao unlike ai^Ching he had aver before witneaaed, he frit 
ao oompletely enthralled hy the acene that he had to eKereiae tha ntmost self-oonbol 
to tear himself away from a view at once so impreaatve and magnificent. It was with 
a feeling of regret that he waa obliged to give up the aight and eontinue hi* aelf- 
imponed duties. 

Mr. Airy, with several members of bis family, observed this eclipse at Herei'ia, 
near Miranda. At thia atation Meroory, Yenoa, and Jupiter, and aix of the princ^al 
atar^ ware dia^aedy aeen. What atmck Hr. Aiiy moat, eonoanung tha darkneaa, waa 
the great brilliancy of Jitter and Prooyon so near to the Sun. It was imposnUa 
that tbcy could have been seen nt all, except under the circumstance of total absence 
of illnmination in that part of the atmosphere tlirough which their light pasaed. At 
the moment of totality, according to Mrs. Airy, the whole air was at once filled with 
darkneaa, which had been aeen rapidly approaching from the north*weet. ▲ aensation 
of Qold waa felt, and lira. Airy waa glad to wrap henelf np in a Scotch phid. At 
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flie end of totality the dark ahadow was Men distinctly mnegmg along fhe TaUey to 

the south-east, a path, of darkne?-, mid the clear duylight breaking out behind it: 

Df Louville states that the darkness in London, in 1715, was so great that thxoe 
planets, and several stais down to the second maji^iiitudt', wcro visible. He has also 
recorded that the London atmosphere of 150 years ago had, even then, an unea viable 
notonefy &r ita impurity ; for he aaya that " it vaa a piece of good totime at this 
time to have found in London an interral of clear sky. It u, indeed, so rare to 
see the Sun in that city, cither from cloud or amokei, that, during the month in whioh 
I resided tlioro, I do not believe the sky was clear on more than three days." 

During the telipsc of 1868, the observers report generally that the darkness was 
much less than what was expected, considering the great duration of the total 
ohaouiation. Major Tennant xemarka that at Quntoor dw colour of ib» aby waa not 
half so gloomy as at Delhi during the partial cdipse of 1857. 

Nearly all the American astronomers who ob8eFve<l the total eclipse of August 7th, 
1SG9, under the most favourable cimimstances possible, have remarked that the darkness 
dariuff the total obscuration of tlie Sun was considerable, in appearance very similar to 
that of a moonlight night. At Springticid, Illinois, where the sky wu^ perfectly cloudless, 
eeveral of the planets and fixed staxa vera distinctly TisiU^ indtiding Mercury, Venus, 
Uars, Saturn, Aroturas, and Begulua. A special, hat nnsuceessfiil, eeaceh was also made 
for the supposed intra-Mercurial planet, Yidcan. 

No favouralde total rrlipsc of the Sun has occurred, without many anecdotes being 
related conceming the eflects produced by the sudden darkness on the peasantry, uninuils, 
and plants. The following is a translation of one which appeared in the " Journal of the 
Lower ** of July 9th, 1843 : — A poor child of the commune of Sidyes was 
watdiing her flodL when the eclipse comuMiced. Entirely ignorant of the evmt 
which was approaching^ she saw with anxiety the Sun darken by degrees; tat thwe 
was no cloud or vapour visibh; whioli might account for the ])henomcnon. When 
the light disappeared nil at ouee, tlu^ poor ehild, in tlie licifjlit ol" lier terror, be^j^an 
to weep and cull out for help, iior tears were still iiowing when the 8un again sent 
forth his first ray. Beassund by the aspect, the child crossed her hands, exclaiming, 
m the jpofew of the ptovinoe, **0 been sooleou I" (O heautiM Sun f) Mr. Fox Talbot, 
who, in 1851, wa.s at >rarienba^, Prussia, has rehitcd the fi>llowing: — On the morning 
of the eclipse, a l*ru.s.sian officer, with whom he had been convorsinj*, remarked that 
tlu! only observation he intended to make would bo tliis. — that ho should moimt his 
horse, and ride alone by the side of the river, to soc what effect, if any, would bo 
experienced by his horse. On llr. Talbot meeting the officer tn the erening of the 
same day, the latter was adced whether he had put his purpose into execution. He 
replied that he hod done so, and had very neatly ket his life in consequence ; for 
the aniniul was seized with such a panic terror on the extinction of the Sun that he 
was scarcely able to master liini, and both stoed Bud rider were in the utmost danger 
of being preclpiulcd mto luu liVcr. 
iii 
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The following fllactratuML of nipentittoiu ftar» wbieli frequently tekee hold of ilke 

minds of the i>easantKy', oame under tho notice of tbo author in 1851, at Christtania. A 
respectable old woman was in the habit of daily supplyiii;^ the principal hotel with wild 
strawberries. On the Saturday preceding the eclipse, she begged, of the landlord to take 
an extra quantity of strawbemesi as she had been told that the philosophers at the college 
had Mud thai om Monday the Son would disappear from the heftvene. Thinking lihet 
this wee • aign thet the end of the world waa approaching, she oonid not thmk of 
ooming into the city on that day, for she wiehed to renain at home to say her prayers. 
In contrast to this, Lieutenant Erag saw an old woman quietly light her oandle, and 
with perfect indifference continue her work. 

Of animals, the greatest consternation is generally seen in birds. This has been 
noticed in every eclipse. In 1715 De Louville remarked that shortly before the Sun 
was totally eolipfled the oooka hegan to crow as at daybreak ; during the datkneaa th^ 
were ulent; bat as soon as the Sim rappearad they reooinmenoed with inoreaaed 
animation. At tho total obecuration, birds hid themselves in extraordinary places, but 
scenud themselves again on tho return of the light. Fowls were seen to prepare for 
roosting, as in the shades of evening. At Christiania, in 1851, a bird in a neip'hb'^mring 
bush was keeping us company with a meny song. At the instant of totality our triend 
anddenty eeaaad ; but when the firat aolar ray again iUnmlned the hesrais he reeammenoed 
his fiinnar aong. In the midat of the acme erowa roae together and flew 

irvQgolarly about, uttering what appeared to us at the time imearthly cries. 

An amusing anecdote on tho effect produced on an old negro and his flock of 
hens during the total eclip?o of the Sun of August 7th, 1869, has been related by 
Dr. C. H. F. retors, dii-ector of the observatory of Hamilton College, Clinton, New 
York. The negro was requested to pay particular attention tu tho movements of 
the hena, for he waa told that at a quarter to ten they would all go to rooat After 
the totality was ovar, he oame to Dr. Peters^ evidently under great exeitamient. 
"How waa it?" aaid the doctor. "I^cits do dobbU," said tho negro. ""WTjen de 
darkness come, cbry chiek'n run for dc hole in do bam. Do fust ones got in, and 
do next ones run ober one anudder, and de last ones dey just squat right down in de 
grass. How long you know dis ting was a coming?" "Ok! I reckon we knew it 
more than a year," said the doctor. ''Baata de debbill Here you away in New York 
knowed a year ago what my ebiok'ns was gwine to do ^dis bery afternoon, an' you 
nebber see de chick'ns aforo nudderl" 

The effect of tho darkness on plants and flowers haa bean observed frequently. Tho 
leaves and petals of most sensitive flowers have been seen to close, particularly the 
Howcra of the sUk-acacia tree, conTolvulus, and other pkuts of that nature^ 
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" Tiy Uiy rn:iiinati.! t!ir M^nn, ils .laylijjlit I'lJi-l, 
I.ift« hfT broad circle iu the dt-vpt^niiij; shadea ; 
Arrujrd in gloty, noi enthroned in light. 
She breaks the sulemn tenon of the uighk ; 
Sweetly ini-onNtatit in her varying flani<% 
She cbaii>^^ > still, Another, yet the emut- ' 
Now ia decrease, hy alow degrees she shrouiis 
Her tuiiag laaiN ia * Teil of cicmda ; 
Vvw of liKiwun hut ythfiri*^ Immm ^Htfiiiy 
A blu* of li^t, and ^re a paler 6»y. 
Ten thousand stars atlom hrr tniir*, 
Fall when aha hUa, uud riae with hrr nffda ; 
And o'er the dot its of the sky unfold 
Thfiir buniiti^ KpiiriKlrn of sidereal gold ; 
Through the wide hravenii atie nioree serenely bright, 
Qucai of th« a»7 ittsi^ti oT ib» ai^tL" 



^EXT to ihe ''greatflr light that nlea the day/' th« auMt oonspimoiu objcel 
in the heavens, as well a* Hm moat attractive, is the constant utteiulant of 
tlie Earth in ils anniial course around the Sun, the Moon, or the "hsswr 
light that r'tl*"^ the night." It is jirnlxible thut many people even look upon our 
nearest compauiua in space with far more interest than upon the brilliant Sun itself; 
not 10 much, hoiravw, fi» ddimations of light and dbado coddlitod on tiw lanar 
did^ aa for fha onitittiial change of liaiiu to whidi it ia auhjeot on aooonnt of ita mpd 
novameat anmud the Earth, from which it is distant aboat 238,000 nulea. 

The timo occupie<l by the Moon in pcrfonning a complete journey around its 
primary is 27'' 7** 4;]™ Il'46l*, ealle<l ita blderi-al jhtIokI. The lunar month is longer 
than the sidereal poriud by 2*^ O*" dl ^l", ui cuusccjuence of the progressive motion 
of tiie Earth in its whit ia the interral between two eonaeentiTe oonjiinotioofl of the 
Moon. Onr Mtdlite mnat theraftwe pan tiuoogh an additional are, aquTalant to 
that apparently tntToraed hy the San since the previous conjunction, before it can 
sssumo the same phase, or be again in a line with the Sun and Earth. The interval 
of a lunar month is known t\H tlir synodical period. 

Astrouomera ui uii uuUuub iiave made tiie Moou uu object of observatiou oxid 
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research to a far greater extent than any other member of the solar system. Some 
havo made careful delineations of the lunar diuk, tracing with the utmost accuracy the 
form and relative distribution of the nuuientus foaturea seen on the surface. Others, 
again, have investigated the peculiar motion of the Moon in its orbit, by means of 
the accurate lunar observations made at fixed obscrv-atorics, principally, however, at 
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the Royal Observatory, Greenwich. These researches, usually undertaken by the 
highest class of mafhomaticians, are of the greatest iniiwrtunce to the ma8t<»r-Tnariner, 
who, by the use of the positions of the Moon given in the Nautical Almanack, and 
computed from tables foimcd directly from the lubuurs of the astront nicr, is enabled 
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to guide his ship without fear, by his sextant- obsorvations, from one side of the glube 
to tlie other. For from a conipanson of the observed angular distances of the Moon from 
the principal stars and planets, with the corresponding calculated lunar distances given in 
the Nautical Almanack, the chief ufBcer knows exactly in what longitude his ship is 
situatod, even when land has not been |)erceivcd for several weeks. The observations of 






the Moon for the rectifying of the lunar tables have been, and continue to be, the 
principal astronomical work for which the Royal Observatory has been so justly celebrated 
from the days of Fhinisteed to the present time. 

Our knowledge of the lunar surface is confined to one hemisphere — an effect caused 
by the coincidence of the time of rotation of the Moon on its axis being exactly equal 



21-2 



Digitized by Google 

1 



THE MOON. 



to the time occupied in its revolution around the Earth ; the same face is consequently 
always turned towards us. The Earth is therefore invisible from one half of the luuur 
surface, while from the opposite hemisphere it appears constantly in the firmament, by 
day and by night, and always in the same position, changing only by an alteration in 
the stotion from which it is viewed. When illuminated by the Sun, the Earth has 
the same appearance from the Moon as the Moon has to us, but of greater magnitude 
in the proportion of seventy-nine to twenty-one. It would go through the same phases, 
and complete the series of them in a similar manner by which the lunar phases are 
regulated ; but when the Moon is full to the Earth, the Earth is new to the Moon, 
and vice rersd, and when the Moon is a crescent, the Earth is gibbous, and ctce vcrsd, 
the one being always the complement of the other. 

Jfost iwrsons, even in their youthful days, have watched with interest the 
gradual change from day to day in the form of tho Moon, from the narrow and 
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beautiful crescent of a few days old to the full round disk at opjxjsition. There are 
many, however, who see these continual monthly changes without knowing, or caring 
to inquire, the causes which produce them. While the Moon is performing its 
revolution round the Earth its illuminated hemisphere will of necessity bo always 
turned towards the Sun. When the Moon is therefore viewed from the surface of 
the Earth, the lunar phases must depend solely on the relative positions of the three 
objects, and as these relative positions change, so the amount of the illuminated disk 
of the Moon will vary likewise. For example, at conjunction, when the new Moon 
is situated between the Earth and the Sun, the solar rays fall entirely on that 
portion of the I^Ioon which is invisible to lis, consequently the hemisphere which is 
turned towards the Earth has no illumination from the Sun, and therefore it cannot 
bo perceived by us. But, a few days after conjunction, in consequence of the Moon's 
progress in its orbit and of its corresponding rotation on its axis, our satellite will 
appear, soon after sunset, as a narrow crescent near the western horizon. At this 
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timtt ihe grcator portion of the illuminated kamuphere ia still tumc'd amy from va, 
but a small part of tlio tMili^litoncd disk has come into view. As the Moon ptirsaes 
it8 course, the ilJvimiiiafe*! |>ortioM of tlio disk is gradually turiiod more and jnore 
towurds the Earth till it appears as a iiuii-iuoon, when one quurtur of a revolution 
bat Iwen completed. This phase is faunm populsrlj m tlw ** first qiunier." In this 
position the IramispheM dineted to tiie Earth » one half ittomtnatsd, and one half 
uiiillumliiatod. Between this and oppoeition the form of the visible Moon is gibbous. At 
full Mooii tlie tidi^litened disk is opposite the dark heinisplicrc of th-< Karth, and Is now 
always in its most perfect form, pnwinj; the «outh moridian at ita greatest altitude at 
midnight. In the second half of the luiiutiuii, the enlightened portion of the Moon 
diniintshes in the same intio aa it inomased ia the fixat half, the left-hand side of 
the disk being now fisible^ and tlie direetion of the hams revened. When tb« 
illuminated disk is reduced again to the form of a half-mmn, the Moon is stated in 
all ulmanncks to be in its "last quarter." The diii inistioii of bri^;litnoR3 {gradually 
continues until wo can see only the crescent Moon near the eaistcm horizon. In a 
few days more, the three objects are again in nearly a direct lino, the Moon being 
the intsmwdiate body, and, as we haTO befora stated, tte illnidaated disk being 
completely tuned away from ns at this ttnw, our satoUile is necessarily absent from 
our evening and night ekieR. 

Tt must bo borne in mind that througliout these apparent elianpes, tlie same 
actual face is always directed to the Earth, whether it be illumiuated or nun- 
iUuminatcil. 

If the surfhee of the Uoon be submitted to * careful examination, even without 
the assistance of a tdesoope, diattnot and definite Imeamcnts of li^t and shadow are 
plainly visible npon it. Thsse appearances never seem to change; their relative 

pn.sitions never underp^ any variation; in fact, the features now exhibited are the 
same a.-^ those descrilMjd in the earliest records. We may nntnraHy ask the qncstion, 
What is the character of these lineaments of light and shade visible to the unassisted 
eye? For an answer wo must have raoonrM to 1^ tsbaoapaw By means of teleaoopic 
aid the obssrver ia enabled, with a marvellotts pNoision, to xesolve these lunar 
charnctcristics into definite rooks, mountains, volcanoes, and plains. They aro scattered 
over the vi.siblo surface in every diro<;tinn, Ix'ing of variable form and magnitude. 
The Tiiountains, or craters, are generally kno^Ti and identified by the name of eomo 
ancient or modem astronomer, including Eratosthenes, Ptolemy, Tycho, Copernicus, 
Kepler, Huygens, Hewtra, Fl a mst eed, Bradley, Airy, HmsoheL Several parts of 
the lunar aurftwe, of oooaidoralle extent, am mostly free from mountains, though not 
entirely; the«<- a^ipareut plains were formerly supposed to be seas or oceans. They 
are distinguisbiMl hy Kueh names as tho Mare Nubitmi, the Mare Crisiiun, the Maro 
Uumorum, tho Oceanua Procellarum, etc., their number being thirteen. 

Por the pur{XMe of illustration, it will suffice to describe the peculiarities of a few 
only of tbo principal mountains, which wiK give aome idea of the magnitude of thci>e 



Digitized by GoOgle 



TlIE Mooy. 



lunar phenomena. There is much in common in their general form, but they are of 
every conceivable size. We will begin with Tycho (seen in the lower part of the figure 
on page 241), which is always considered one of the most interesting of these objects. 

The inclosed area of Tycho is about fifty miles in diameter, being nearly circular. 
The height of the western ridge of mountains surrounding the area is about 17,000 
feet, and that of the eastern ridge about 16,000 feet. Within tlic inclosurc, a central 
mount, about 4,500 feet high, and a few leaser hills, are situated. The district in its 
immediate neighbourhood is exceedingly rugged ; craters, peaks, and long ridges of 
mountains may bo observed in every direction for a considerable distance. From 
it flows a series of luminous streaks or rays, which extend over a largo portion 
of the Moon's disk, commencing about twenty miles from the exterior of the circular 
ridgo of the crater. These streaks are not visible until the Sun's rays fall u|K)n the 
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region of Tycho at an angle of twenty-five degrees or less ; therefore, the more 
perpendicularly the rays fall upon it, the more visible the streaks will appear. 
Consequently they are seen to the best advantage at full Moon. Astronomers have 
many conjectures as to the nature of these luminous streaks; by some they have been 
considered to be mountains, by others it has been thought that they were, at some 
period, streams of lava, having flowed originally from the great central crater. It has 
also been supposed that, by a sudden volcanic upheaving of the lunar crust, the effect 
has been produced, similar to that of a pane of glass, or a sheet of ice, broken by a 
pointed hammer. The part immediately above that, where the upheaving agency ia 
situated, would probably be the point where the greatest disruption would take place, 
from whence the cracks would radiate, allowing the lava to flow freely in gentle 
streams, according to the size of the opening, throughout its whole length. Mr. 
Hind remarks that " the mere fact of their diverging from the great crater, Tycho, 

215 



Digitized by Google 



NOTES ON THE SOLAR SYSTEM. 



proves that it was the focus of tlio volcanic outbreak, whenever it may have occurred." 
These are speculations, however; and there is in reality too little known to warrant 
any definite conclusion. 

Copernicus is another larg« annular mountain of the same class as Tycho, though 
of somewhat larf*er dimensions, being about fifty-five miles in diameter, the higheHt 
port of the extcnial ridge of mountains being about 11,000 feet. This crater is most 
easily seen when the Moon is in its first quarter, for at that time the shadows produced 
by the Sun's rays, being intercepte<l by the ridgo of mountains on the woetcm side 
of the crater, are projected on the inclosed area, while the shadow of the eastern ridgo 
darkens, for a considerable distance, the exterior plain near the mountain. These 
shadows are generally very well defined and extremely black. Radiating streaks flow 
from Copernicus, in a similar manner to those belonging to the region of Tycho, but 
not to the same extent. 




K.W. BOL'XDART UF TUB MAUK S2KENITATI8. 

Tlio remaining lunar mountains around which this extraordinary radiation is 
manifested, are Kepler, Proclus, Olbers, Aristarchus, and Anaxagoras. Similar pheno- 
mena, but in a manner less distinctly marked, are visible around a few others. 

Eratosthenes is a remarkable mountain, of the annular class, situated near the 
extremity of a long range of immense protuberances, known as the Afxjnnines. The 
crater of this beautiful specimen is thirty-seven miles in diameter, a precipitous rock, 
nearly 16,000 feet in altitude, being placed in the centre. When the Moon is near the 
first quarter, Eratosthenes presents a very beautiful appearance, if viewed with a telescope 
furnished with a moderately magnifying power. The shadows projected on the plaia 
by the exterior ridges of the mountains which form the crater, are very distinctly 
defined, and afibnl a most interesting subject for the amateur astronomer. 

Ix)ngomontanus is another celebrated circular range of mountains, being eighty miles 
in diameter. The eastern and western ridges rise to the height of 12,000 or 13,000 feet 
SM 
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above the level of the inclosed plain. The numerous cratcra of small magnitude which lie 
in close proximity to this mountain, are sometimes concealed by its shadow, which is 
sufficiently large to cover all near objects. The surrounding n'gion is savage and niggetl 
in the highest degree ; distinctly proving that these extinct volcanic remains must have 
resulted from a long succession of convulsions. 

Qasscndt, as seen with a jwwerful tele.scopc, is a favourite object with astronomers. 
This remarkable scries of craters consists of two stupendous chains of mountains ; the 
outer ridge, which varies from 3,500 to 5,000 feet in height, being about GO miles in 
diameter. The area of the incloaure of this extensive range ia 2,800 miles, in the centre 
of which a curious mountain funiished with eight peaks is situated, while numerous 
others of less elevation arc scattered about the inclosure. The inner range of mountains 
is 16 miles in diameter. 




TlIK LVN.iB UOVKTAIN OAtMIKKUI. 



The altitude of the lunar mountains is generally considerable ; but the greater 
number do not present any remarkable appearance. About twenty exceed the height 
of 10,000 feet ; one of the highest, Newton, being about 24,000 feet. This latter may 
be compared to some of the loftiest summits of our South American or Ilimuluyan ranges. 

Somo of the objects which we have described can be detected by a sharp eye ; but, 
when viewed by a powerful telescope, they unfold to the mind scenes of marvellous 
beauty. We have seen them through the magnificent telescopes of the Great Eqimtorial, 
at Greenwich, and the Northumberland Equatorial, at Cambridge, using a high 
magnifying power. The ridges inclosing the plains of the ringed mountains appear 
projected towards the eye, as in a stereoscopic view. Rocks upon rocks are piled on 
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each other in <lifft>nnl layers; the sIim (lows of the mountains arp thrown npon the broad 
plains with un inttTisf blackness ; wliilsf tho rug^l nature of the wliob: lunar surface 
hu« a most Htrikiug eti'cct. Tu all apj[)tiaranccs, it enxoM coiu{XNiod of one great aolitury 
HMsky watto^ unfit for the liabitatioii of liTing emtiiiva. 

We liAve already aUttded to the large plaiiui» on which the Tolcaiuo ehaneter ie 
mueh leas ovidont, though some of tlie pcmeipal numntauu and many amaller oaiaa 
are sittiatcd within tbiir boundarif.-H. Thr«?(> plains havp Bomctimcs been colled seas, 
as their namos imply ; but tlii.s nonionclaturo dm-n iifjt exactly state tho true nature of 
thoflo apparently tlut portions of tho Moon's tturluue. The dimensions of a few of 
Iheae plaiiia we iriU deaoribe 'very bnefly. Tlu» Mam Imbrinna la abovt 680 suka horn 
north to aouth, and 750 milea htm eaat to weat. Hie Kara Criatum la 280 milea in 
diameter in one direction, and about 350 nuka in the Opposite. The OoeanuB Proccllaram 
is the largest of the lunar plains, covcring^ a surface of 90,000 square geographical miles. 
The Mare Serenitatis is an elliptical spot, with an average diameter of about 4^0 miles. 
The remaining nine are all of considerable extent. Most of the lunar pheuouit uu are 
aeea to perfeotion with an oidmanly good defining tebiacope fitted with an eye-pieoe 
of bw power. 

The details of many of the principal objects on the lunar face are very clearly ahown 
on Home of the beautiful photographs which have been taken within the last few years. 
Among the most miccesstu!, those of Mr. Warren De La Rue may be specially mentioned. 

Among the many proofs of the non-existence of a lunar atmosphere, it may be 
mentioned that no water can be seen ; at least, there is not a sufficient quantity in any 
one spot eo aa to be TiaiUe firom die Earth. Again, there are no donda; Ibr if there 
wer^ we ahonld immediately diaoover them by the variable light and ahade which they 
would produce. But one great proof of the abaence of any large amount of Tapour being 
suspended over the lunar surface is the sudden t^xfin' tictn of a star when occulfcil by the 
Moon. The author has been u constant observer ui these phenomena, and, though his 
experience ii of long standing, he has never observed an occultation of a star or pknet, 
eapeeially at the nnilluminated edge of a poung Ifoon, widioat having hia convictione 
confirmed that there ia no appreciable lunar atmosphere. In occoltationa of thii kind 
the star ia seen to approach the dark edge the Moon, which is very visible, owing to 
the reflectcfl light of the Eurth shining on it. If there bo any atmosphere of reasonable 
density around the Moon, small stars would disappear, or at any rate, they would 
considerably diminish in their intrinsic brightness before they reach the nnilluminated 
edge. But tbia is never tim caae : fbr diey are aeen in their fiall lustre till tiieir anddcn 
extinction at the Hoon'a lunh. Ftofeaaor Challia haa subjected the results <£ a, large 
number of these observations to a severe mathcTnntical tost ; but he has not been nbls 
to discover the slight<»st tmce of anj' effect produced by a lunar atmosphere. 

Tho mass of the Moou ia about the -,\-9t part of that of the Earth, or, it would 
require eighty-one Moons to make a globe of corresponding weight to^that of the world 
in which wo live. 




THE TERRESTRIAL PLANETS. 



With what nil iiMful u . Tld-r«volriiig powrf 
"Wrre first tlir- iuini<'liily pluMt* Inuelwd alosg 
Hm iUiviuUe void t TliCN to Mmnin 
Amidat the ftnx of mmj tluninnd \ < m s, 

Tli.l1 nft >i;i.s swciif t)l.' tdililliT r;iri' r>f mi.n 

And all their lubourcd mouumcut* atra}-. 
Firm, unrpmitting, matchleas in their omuM ; 
To tlic ktii<I-u>nipered ch&ngc of night and diqr. 

And of tLe seasons, ever stealing roand, 

Mimit.ly f.iiilifiil, S'urli till- ull-i>vrR'>t HanJ, 
That poiacd, impek, and nUcs the Atvadjr wliok." 



jffSSdB^VKING tho planets together, thej naturally fall into three groups, the Terrestrial 
KLbEI PIaa«ta, tiw Mmor PLm«iti^ and tbe Hftjor Planeta. The immfiiniw qiaoe which 
■epwates the lint group finm the hiat is •oflBoient to tnake * visible 
difltinetion between their respective planets. Heroury, Vinus, the Ikuih, and Mom, 

hnve \fry mxich in their physical features common to each other, nwl many rcmark- 
ablo aiifilcigics are also exhibited in their movements. In like nniniier, the greater 
maguitade of the four distant planets, each the centre of a complex system of its own, 
prcaenta an aspect so diflSwent from (he mui]], but oomiMnatiyely qniddy^moving, 
ideiMta B«enr the Sun, that it vequireB but little eonaidemtion to indude them in 
one class. 

"Befere giving n few popular and familiar notpf on each of the three elns^es 
of planets, we must refer to an object which was ojiginally believed to be a m w 
one by some of the principal astronomers, including M. Lo Vorrier, the distinguislied 
Director of the Imperial Observatory of Paris, who mkdertook, at the time of the 
auppoaed disooveiy, to examine all the droamstanoes 4^ the obserration on the spot 
Wlthont going into any detail, it may be stated that a small dark body was seen 
to pass across the solar disk on March 2G, lf^")0, by a M. Leacarbault, a physician 
at Orgeres, in the department Eure-et-Loire, France. Tliis dark Imdy was totallv 
different from an ordinary solar spot, being perfectly round, with a iilauetury 
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appenuMeb H. Lescarbault, expecting, or at kut hoping, that h» might see tbo 
phenomenon again, kept Lis nbscrratioi «■ ft secret for months. It yna not until tho 
end of September (luit M. IvO Verrier was ftr<^t made acquainted with tho alleged 
observation. The subject was of intttuso interest to him, for he hud previously 
announced that, to make the theoretical calculations of the positions of Mcrcuiy agree 
^ih the oibflervetiona, eorreotione miut he applied fiw the pertoiliations prodnoed 
hy an unknown planet hetween MeTomy and the Son. Although M. Le Terrier fbuiid 
the Tillage doctor neither a pr ofoiie d artvonoraer nor mathematician, and that his notes 
were recorded in the rudest manner possible, yet he came to the conclusion that tho dark 
body observed by M. Lcscarbault was not a h^'potheticul object, as might bo supposed, 
but that it was really a true planet ; that its distance from the Sun was about fourttHui 
milliona of milea; that ita rerolutioo round the Sun oeeupied twenty daya; and 
that its orbit wa« inclined to the eoliptic twelve or thirteen d eg r eca i Sinoe the alleged 
die eo TOry , the enspeetcd planet has been systematically lonked for at several of the 
principal observatories, at the times when the orliit rf the object ought to have been 
projected on the Sun's disk. No trace of it has Im-n t>een. M. Litud even goes so far 
as to say that he was engaged in the observation of solar pheuomenu at Rio Janeiro 
at llie identieal moment of M. Leacarbanlt'a sappoeed diicoTery, and that he is perfectly 
eertain that no object of a planetaiy nature was passing orer ^e Son at tho tinu. 
Meanirtiile this apooiypbal planet has leoeiTed tho name of Yukan. 

MERCURY. 

The planet Mennuy was known to the aaoisaiitSy although it ia only oooasionally 
visible to the naked eye without some optical aid. There are timen, however, when 

it is even a confspicuous object, but from its low clevution it is wry likely to pass 
unnoticed. When tlte planet is in that part of its orhit known as tho j^reatest elonjj^ation, 
or at the grcatetit apparent distance from the Sun as viewed from the Earth, it ehiues 
wil& a rosy lustre equal to that of any star of the seoond magnitode, notwithstanding 
the strong twilight in which it is always euTdoped. When it is in its extreme 
eastern elongation* it is visible in the evening near the western horizon ; but when the 
planet is on the opimite side of the Sun, it can be seen only in tin; mornings near 
the enstem horizon. The discovery of Mercury by tlio ancients is a proof of the 
steady and careful obeervation of the heavens by tho astronomers of the classio ages. 
There hare been many astronomical obserrecs of the last and present oenturieab vho 
have never been able to detect this pbinet with the unassistod eye; and it is said that 
Oopemicus, tho great expounder of the modern system of the Universe, was never 
able to obtain a view, although he made m'V( ral attempts to do .so. Ga.sRondi, however, 
attribute.s the failure; to the mist and vapour so very prevalent along tho banks of the 
Vistula. Tycho Brahe, from the iaiaud of Huen in the Sound, frequently records in 
his journals tho observation of Mercury with the naked eye. 
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Mereniy rerolTes anmnd tlw Son in about eighty-eiglit iajB, at an avengft diitmoa 

of 35,5 jO,000 miles. In consequence of ita orbit being a sensible ellipse, its greatest 
and iea«t di'-slances difliT nearly {iftwn inilllons of miles. Its tliametor is about 
3,000 miles, and itii volumf or bulk the uiiiefeenth jiart of tliat of the Jlartli. It is 
supposed to rotate on it« own axis in 24'' 5" 26*, but on account of the proximity of the 
filaiiet to the Sun, no ^lot or xuttkliig haa lieen aatiiifiwtorily seon. whidi miglit lie need 
for a datemunatioia of ita rotatJan. fichioter, m the beginning of thia century, &neied 
tbat ho had evidence of the existence of mountains on the uart/m of Mercuiy, from 
which fho above value was obtained. Sir Jolni Herscbel, however, considers that our 
knowledge of the ]>bvRical condition of this intra-toirestrial planet consist.s of little more 
than that it ia globular in form, exhibiting phases similar to Venus and our own Muou. 

When Mevemy ia m anpeiior oonjimatka, that ii, when it ia beyond the Sun 
idatively to the Earth, the thxee faodiea being in. a line of wbieh the Sun. is tibe eentral 
one, ^Mercury and the Sun will be on the meridian at the same time. When it is in 
inferior conjunction, fliesc two bixlies will also pass the meridian at the sarao instant, 
but the pluuet is then between the Sun and the Earth. It is evident, therefoi^, in the 
latter instance* that if a line be drawn from the Earth to the Sun, passing through 
Iferowy* thii planet mint he seen from the Barth projected on. Ihe solar diak, and what 
la called a "tranaik of Menmiy'* must take plaee. Now, this phenomenon haa been 
frequently obeerred, but not until the year ICH, in which year Qaasendiwaa the first 
person who saw Mercury projected on the Sun. Jle employed for hi.^ purpose a sheet of 
wliite paper, placed in a chamber from which all stray light was excluded. The sight 
of the black disk of the planet filled the zealous astronomer with the greatest eathusiawm. 
"1 have seen," he says, '< that finr wbieh aldiymiats have soaght with so uubh aidonr, 
I have obaerred Meroniy in the Sun.*' Shatoley obeerred flie nest tnnnt in 1651. 
After the invention of the telescope in the beginning of the serenteenth oentnry, the 
phenomenon became an easy subject of observation. During the present century, the 
transits which occurred in the years 1802, 1832, 1845, 1848, 1861, and 1868, were oU 
favourably seen. 

When Heroniy is on the solar diik^ mimenMia ohservera have remailEed tiiat the 
dark body waa simonnded by e nebalous ring, probably from the eCbota of etmtzast, 

others have noticed a small Inmimma a|iot on the pbnet. Many, however, with 

larger telescope.a, have been unable to perceive anything peculiar cither on or 
around the black disk. The most valuable observations of tninsits of the inferior 
planets over the Sun are the careful records of the exact instants of time when 
the planet ntsn on and nosdes from the solar disk, ontally tunned the ingress 
and egress. The most important momenta to note, however, ate the exaot tamea of 
the internal contacts, or just when a small thread of li^t ia seen bstwoen the 
edges of the dark planet and the Sun. At such times a very curious phenomenon 
has been observed, both in transits of Venus and Mcrcurj'. At the ingres.s, aa tho 
planet advanoes over the solar disk, a few seconds after the apparent internal contact, 
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ft daik line^ oftUed tlie ''Uaok-diop/' luw been seoD to dhoot oat from it, (» tho edge 

of the planet nearest the eolur edge becomes elongated or pcar-shftped. At the 
efrr*"»s it ts ol>st'rvi<l bofore the apparent int<>ni:il cant.irt. This phenomenon wua first 
iHiti<'fil in the traiiHit ill' Vfims (if 17'il,fin»l n«^:iin in ITiil', In trniifits of Jfr-rctiry it 
hu» also been Irec^uentiy observed, but in the lutler the eHect id letM iu prujtortiuu to 
the diffiwenee in the magnitttdee of Yenw oad Memoy. During ihe hnt tnnnk of 
Merouiy on. the moming of Norember 6th, 1868, the forauition of the blaok-diop 
pireeeding ^e apparent internal contact of fin tdges of the Sun and planet at the 
ep^is, wns very clearly nhscrvccl id the Royal ObserMitory, Grernwi' li Tu Iho tt'losrope 
of the great cquaturiul, tiio phenomenon was first Bt cn as a thin dark lilanicnt stn trhinfj 
across the luminous lino still existing between thu Iiiiib.-i ul' the two bodies. lu the 
altaatunth teUsoc^, the exiatence of the hlaok-drop waa indicated by the planet 
awwimfng an elongated or peaMhape, tapering ahnoet to ft point at 8un*8 edge. 
In smaller telescopes, the same phenomenon, under different pbaeea^ waa exhibited. Its 
cauHO may he explainwl by Biipposing tliat the great irmdiatlon, or spreading out, of (ho 
intense light of tlu' Sun, cuts off or hidt-s from view, during tht- transit, a poHi-'ti of 
plouetur}' disk ; that part wlitch is hidden becouiiug suddenly vimble an u aurk imc 
as aoon as the planet leachea the true edge of the Sun unaJbcted by inadiation, which 
ooenn when to the eye ft lumittoiia tiiread aeeme attll to aqMiate the two edges. The 
remaining transits of Mercury during this ci nfnry will take place on May 6th» 1878; 
November 7th, 1881 ; Hay 0kh, 1891 ; and Xiovember 10th, 1894. 

VJBNU& 

When the planet Yenus is near its extreme eastern or westsm elongatum, no fixed 
star can bear the least comparimn wttli it for splendour. When an evening star in the 

western sky, universal attention is alwaj s dirocftxl to it on account of the extra lustre 
it gives to that portion of the heavens. In tlie inf>rning hours, however, Venus 
appears a still more magnificent object, owing principally to tbo clearer state of the 
atmoBphera befixe suorise. At the times of greatest brilliancy the light of Yenus is 
yery intense. A sensible shadow is often thrown upon a piece of white paper by the 
interposition of the band between it and Yenus when the phmet is in this position 
of its orbit. It can also be plainly perceived by the naked eye at such times in full 
sunlight, sometimes within an hmir of noon. At one of those epochs, in 18CS, a 
corrct!i])ondent of the Tuiics fancied that he bad discovered a balloon-sbaped comot 
at noon^day by means ui ft small hand-telesoope. The stranger, however, turned out 
to be the planet Yenus, whioh happened to be fiRVOurably situated fiw daylight 
ob«9orvalion in the spring of that year. 

Veims was named by the ancients Hesperus and Lucifer, or the evening and 
moniing etnr, names by which it is frequently identified, especially by our poets. 

Jupiter shares with Venus the popular uppeUulion uf the moruiug and evening star, 
2n 
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and when in an devafed pontion in winter its lustra rivah tbat of Yenua. Hilt«m 
•peaks of the latter as the 

■•tUiMfc of liaft^ )art In tnin of ; 

If bftter thou Ulong not to tlie dawn. 
Sure pledge of day, that crowu'at the smiling morn 
W'ith thy bright circlet, praise hiui in tliy aplnM^ 
Whik day ariaei, that awcet boor of prims." 

Yen us 18 nearly of tho same magnitude as the Earth, its diameter being about 
7,$00aulea. The sidereal period, or time of revolution round tho Sun, is 224** 
and the time of itn rotation on its own axis is about 21"". Its orbit, which 
deviates but little from a circle, is nearly luidway between those of tho Earth and 
Mercur}'', the nieuu di^tuuce from the Sun being 00,431,000 miles. When nearest the 
Earth at inferior conjunotbn Yentu ia niUiona of nilea firam ua. Aa a tdaaoopio 
fiibjeot this planet ia fiur too brilliant to alloir the markinga on ita ani&oe to be 
distinctly teen; but Bome astronomers have perceived ill-deSnc<l lu ; y b|)ot^, from 
which the assumed time of rotation has been detemiijjwl, ultbough much doubt has 
been expressed gu tlio permanency of tbo spots used by Cas-sini in 16G7 for that 
purpose. Sir W. Herschel occasionally saw spots on tho disk of Venus, but he could 
not bring bia mind to believe that they were anything but optical delusions. " For," 
be remark^ ** the q»ots assumed oftsm the appearanoe of optical dooeptiona^- aneh aa 
might arise Iraoi pciamatib affwimns, and I was alwaya very unviUing to any otress 
iqMQ ihe tnotion of spots that either were extremely faint and obangeable^ or whose 
eittiation could not bo precisely ascertained." Many observers have, however, since 
scrutinised the jjlunet very closely, includin? Scbroter, Beer, Miidler, and De Yioo, all 
of whom confirm in some measure the eaiiy ubservutious uf Cossiui. 

Yiewed throngb a tdesoope^ Yenna esLhibtts phasea of lemarkaUe dkttnelnflsa. 
Galileo, in 1610, waa the fixat person who saw thia phenomenon. It i^peais fiom a 
letter still in existence, that Father Gastdli, a celebrated philosopher at Florence, 
asked Galileo if Yenoa and Man ought not to present phases similar to the M nii. 
The idea docs not appear to have crossed the inquiring mind of Galileo, or, if it liud, 
he waa cautious in propagating new asti-onomical facts, knowing full well tlio 
consequences, for Father CasteUi received the foUowing laconic reply; — "1 am now 
occupied in ao many roeearchea, and the state of my health is so nnsatisfactary, that I 
find myadtf &r bettor lying in bed Ihan «posing myadf to the damp and chill of ont 
of doors." Within six weeks, however, Galileo found time and inclination to explore 
the heavens with a telescope newly constructed, und was rewarded by tho view of the 
crescent of Venus, wliicli he announced to Ca^telli on December 'iO, IGIO. 

The telescopic appearance of Venus may be likened to a miniature Moon. In 
short, their phasee are produced by causes perfectly simihu-, depending on their 
lelaliva poaitiona in their orbits, with respect to the Snn and EarUi. Yenns is 
tiierefore aometimea round, then gibbous, then like a lialf*moon, and finally a creaoent. 
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wtiVh directly bcforo tnft'nor conjuTirtion becomes m luirrow as to appear like a 
curv«l illuminnk-<l liair. Tlic cirsccnt form ia exhiliitdl fnjm tlie time of inferior 
conjuuctiou U) that ul' gii'utt'st duiigatiuo, when tlw plunoi becomes Lull -ill uiuiuu led. 
Between the gteateet elongation and euperior oonjonctioa, it awwimwe a gibboos iaca, 
beoommg quite round when in a dixeet line beyoiul the Sun. The apparent magnitude 
of Teniu Tariee to a considerable amount in the couno of ito revdution in its orbit* 
as its distance from the Eurth increiiM>8 or diminuihes. 

Although Venua is now and then companitivdy so near ii", \re know but little of 
its actual sxu'iacc, principally owing to its inteut^e brilliuncy, which daz;:lc8 the eye of 
the observer. With regard to the two phmets, ilercury and Ventw, it is known that 
they are globes fomed similarly to our Ewth, and equally illiuntiiated and wanned by the 
Bun. It is beUered, also, from apeoial observatioiu of the phydcal appearance of the 
auxftioe of Yen us, that clouds prevail; if so, Ili> iv must bo water, and probably an 
atmosphere This hyiKithesis would Mcem to hv |)artially Iwrno out by a phenomenon 
observed dui-ing the transit of Venus across the Sun's disk in 1761. While projected 
on the Sun, the planet aptx<ared surrounded by a faint nebulous ring, aud at the 
moment when Venus left the Sun, a laminous ring was observed on the Snn'e edge. 
Theae two phenomena oould be easily expbined, if we anppoee the g^obe of Youw to bo 
aunounded by a Teiy dense atmoephere. Farther than this, the most powerful instrament 
of the astronomer is unable to add to the little knowledge we possess of the actual 
formation of these intra-torrestrial planets. Of their pocnliar motions in the heavens 
with respect to the fixed titurs, aud tlu ir i ifet ts on t ach other by their mutual attractions, 
the results obtained irom modem astronomical ob»ervatiou8 leave but little more for 
US to learn. 

Neither Merovry nor Yemu haa any aatellite Tisible through the moat powerM 

telescope yet constructed. If Yenus had an attendant which could bear any comparison 
with the Moon, it would most probably have been th tectcd long before this, by some of 
our modem astronomers. Some of the most vigilant observers have, nndor every 
favourable circumstance of atmoaphero, watched the planet for this purpose, but without 
success. Little faith can therefore be placed in the observations of the elder Cassuu, 
Bhmi, Montaigne, Horrebow, Ifontbarron, and othen, who have reoorded theur i^lniona 
that on aoTeral ooeMioni they obtuned a Tiew of such a satellite. Professar Lambert 
even ooUeeted all the reputed observations, from which he euoceeded in computing a 
tolerably consistent orhil, the period of revulution being^ rather more flian cloven days, 
and the distance from \'enus nearly the s4iine as that of the Moon from tlie Eurth. 
M. Guillemin remarks that " Venus is very similar to the Earth in many points, both 
in its dimensions and physical constitution. If we accept the great number of obaenra- 
tiona BMde in the aerenteenth and eighteenth oenturiee, it would have atiU another 
pcrint of reawnMance. Aa the Moon aooompenies the Earth, Yenua would be also 
provided with a satellite. But this singular body cannot now be seen, and high scicntifie 
anthoritiea have declared that the observers had been deceived by an optical illuaion. 
SM 
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It must be acknowledged that the doubt which still exists on this account is at least 
very curious, and shows that in the domain of planetary astronomy there still remains 
a disputed point to be cleared up." 

The celebrated astronomer, Christianus Iluygens, made some remarks in the second 
half of the seventeenth century on the planet Venus, which exhibit very clearly that 
our knowledge of the physical constitution of its surface has very little increased since 
his day. "The Sun," he observes, "appears to the inhabitants of Venus by half larger 
in his diameter, and above twice in his circumference, than to us, and by consequence 
affords them but twice as much light and heat, so that they are nearer our temperature 
than Mercurj'. Their year is completed in seven and a half of our months. In the 
night, our Earth, when 'tis on the other side of the Sun from Venus, must needs seem 
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much larger and lighter to Venus than she doth ever to us ; and then they may easily 
see, if they have not very weak eyes, our constant attendant the Moon. I have often 
wondered that when I liave viewed Venus at her nearest to the Earth, when she 
resembled an half-moon, just beginning to have something like bonis, through a telescope 
of forty-five or sixty feet long, she always appeared to mo all over equally lucid, that 
I can't say I observed so much as one spot in her, though in Jupiter and Mars, which 
seem much less to us, they are very plainly perceived. For if Venus had any such 
thing as sea and land, the former must necessarily show much more obscure than the 
other, as any one may satisfy himself, that from a verj' high mountain will but look 
down upon our Earth. I thought tlmt porhaj)S the too brisk light of Venus might be 
the occasion of thi.s equal appearance ; but when I used an eye-glass thot was smoked 
for the purpose, it was still the same thing." To this le;itimony of the old astronomer, 
little can bo added even now. 
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Hie change of the poaition of Yemit witii reapect to the stan is very rapid wlien. 
approeiobiiig to or reoeding from in&rior eonjniietioii. It maj iateratt the reader to see 
the anunmt of tl.is change at sight, which maj be done bv an laapeotion of tho diagnon. 

This (iingmm is intciukd to show the npparpnt motion of Vfiuis in tho hoavons from 
Horch 1st to iSeiitcmlxT loth, 1868, and iiicludcs tho period of greatest elongation, 
when the apparent motion is tho minimum. In the interval of time included 
betwem Ae extreme dotes, the phmet has passed over more than a quarter of tho 
heayena. Ihe figoiea aboTe the diagram repreemt the ri^t aaoeiuMn, or the diatance 
in time hvm the Temal equinox, or, aa it is teohnieally called, the first pdnt of Aiiea» 
From this point all anguhir diet^incos in this direction, or light ascensions, are measured 
along the celestial oqnafor. The figures at tho side represent the declination, or the 
angular distance measured {htp* ndicularly from tlio celestial equator. Kight asccnsfJons 
and declinations serve the same purpose for distinguishing the positions of celestial 
objeela aa knf^itndca and ktitudea define the podtacaia of plaoea on a terrertcial gkbe 
or map. 

THE EATITH. 

The Earth, treated as a celestial globe, is a planet travelling in space in the 
some manner as the other ineiubers of the solar system. To the iuhabitonta, if any, 
of Yenui or Macs it would appear a hrilUant object in their akiee, riTaUing in lustre 
any other phmet. Prom the Hooo, it would i^pear to great advantage, caating ao 
much light as tiurteen Moons united. Its form is not a perfect sphere, the diameter 
from tho north to the pnuth pole being smaller than the diameter at the equator 
by about the three-hnndre<ltl; jiarf. A proof of the spherical form of tho Earth ia 
shown by the gradual appearance or disappearance of ships at sea. If we were to 
place ourselves on an elevated position near the sea, the first signs of an approaching 
Teasel would be the tope of tJie maata, then the npper aaila would gradually become 
Tieible, to be aeoceeded hj the lower sailsi and finally the hull wodd oome into 
Tiew. Again, if we are journeying on the ocean towards the eoutheni hemisphere^ 
we might daily watch the gradual declension of Polaris towards the north horizon, 
or if proceeding northwards, it would be observed as gradually increasing its altitude 
from day to day. Now this star, as we have before observed, is so near the true 
pole of the celestial sphere, that ita position with reapect to the aeniUi lemaina 
nearly the aame throaghout the year, if onr station on the Earth be the aamcL If 
the Earth were not a globe, could it be for a moment supposed that the apparent 
declension or deration was produced by a real incveoae or diminution in the absolute 
distance between us and tho star? Such on argument would be positively absurd, 
becitusc we know that the position of the fixed stars never varies sensibly, even when 
viewed from opj[x>site sides of the Earth's orbit, a distance amounting to more thuu 
183,000,000 miles. When, therefore, we observe Polaris, or any other star on the 
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meridian, change it« position in relation to the zenith and horizon, when viewed from 
different latitudes, but in the same longitude on the Earth's surface, the depression or 
elevation must bo considered to arise solely from the curvature of our globe. 

The great circle of the heavens, or the path which the Earth traverses in its 
revolution aroimd the Sun, is called the ecliptic. This circle is inclined to the 
celestial equator, which is a projection of the terrestrial equator extended to the 
heavens, at an angle of about 23" 27', termed generally the obliquity of the ecliptic. 
The two points of intersection of the celestial equator by the Earth's path, or by the 
Sun's apparent path, the positions of the two bodies being always separated by IHO", 
are called the equinoxes, while the two points on the ecliptic exactly 90" distant from 





li.Ll'SiitArioN or TilK i:uTUM>rrY ok tiik eai:iii. 



the equinoxes, are called the solstices. Longitudes are reckoned along the ecliptic 
from the spring equinox, and right ascensions, as before explained, on the equator. 

To this inclination of the Earth's axis wc owe the variations of the seasons, for 
" while the Earth remaineth, seed-time and harvest, and cold and heat, and summer and 
winter, and day and night, shall not cease." As the direction of the axis of the Earth 
never changes, in whatever jwrtion of its orbit it may be situated, the Earth passes 
onwards in ita coiirso with ita axis pointing always to the same vanishing point in the 
sphere of the fixc<l stars, being corried around parallel to itself. As a consequence of the 
combination of this annual motion around the Sun with that protluced by the rotation 
of the Earth on its axis, we have the division of the twenty-four hours into day and 
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night, and the succession of the seasons. On the 21st of June, when the Sun is in 
the highest jwint of the ecliptic, the north or upper polo of the Eurth is turned towards 
the Sun, when in all places north of the equator the longest day takes place, and in all 
places south of the equator the shortest day. On the Slst of December, the Earth 
being in exactly the opposite side of its orbit, but its axis remaining parallel to it« 
position in June, it follows that the north or upper pole is now turned away from the 
Sun, while the south or lower |K)le is turned in that direction, and that the shortest 
day takes place at this time in the northern hemisphere, and the longest day in the 
southern hemisphere. At the equinoxes on March 2l8t and September 21st, the axis of 
the Earth is at right angles to the direction of the Sun, and there is equal day and 
night everywhere over the whole globe. 




UIAOKAM UP TUE 8E.U0\8. 



The dimensions of the Earth are known with considerable accuracy. "Wo have 
previously mentioned that its form is not a perfect sphere, but that the poles are 
slightly compressed. It is more properly termed a 8i)heroid. In a recent investigation 
by Captain A. R. Clarke, r.e., of the Ordnance Survey, he has deduced from a large 
number of measured arcs, that the form of the Earth is not even strictly a spheroid, 
but that it is an ellipsoid with throe unequal axes, consisting of the polar axis, and two 
equatorial axes, differing from each other in length about two miles. From this Captain 
Clarke has inferred that the diameter of the Earth at the equator varies slightly in 
different longitudes. Assuming , the Earth is a spheroid, the two best determinations of 
its magnitude are those of the Astronomer Royal and M. Rcssel. The diameter in 
miles as given by these astronomers and by Captain Clarke, are:— 
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Polar dhueter. Equtoriil dfaiiwtor. 

Aity . . 789917 . . 7925-65 

. . 7890 11 , . 792500 

Clarke . . 7899 16 . . 7926 70 in i r E. long. 

Do. . . . . . . 7924-69 in 104 E. long. 

The orliital volmlty of the Earth ("(jualn 65,H28 miles pfr hnnr, while flio rate nf 
speed at the ec[iuttoi' depending upon the diurnal rotation, is abuut 1040 nult H iii the 
same interral. If the great oentre of the system were divided into 1,262,000 equal 
pttta^ one of tlieee porta would be of the aame bulk as the Earth, hut the denaity of 
the latter being fSonr times greater ihan that of the Sun, four of theae parte would be 
required to form a globe corresponding in weight to the Earth. 

There are various methods of di tfrmining the weight of onr glolx*. The snhject 
of weighing the Earth has indeed been a fuvuuritc one, although from the difhculty 
experienced in the experiments, success has not always been the result of much care 
and labour. Among thoae who have made obaerrationa for the purpoae are I>r. 
HEaskdyne, Meaara. Cbvendiah, Beioh, and "BaHy, the Astronomer Boyal, and Ookmel 
Sir Henry James, Director of the Ordnance Survey. No person has taken a greater 
interest in tins suLjoct than Mr. Airy, tlic Astronomer Royal, wlio by means of a 
series of ])eiuhiluni Ql)serva(ioiis on the surface, and at ihv bottom of a shaft, of a deep 
mine, was enabled to observe the variation of the force of gravity acting on a free 
pendulum at the two atationa. He made two Tmaucceaafnl attempts in 1826 and 1828 
in Doleoath minei, near Gambonie, Oomwall ; but in 186^ under much more fiivonrable 
oircumatances he pbaned a moat elaborate aeriea of obanration^ whieh were carried 
out in Harton COal-pit> near South Shields, by six skilled astronomical obacrvers under 
the personal direction of the author. As this wries of pendulum experiments for the 
determination of the density of the Earth is the most perftjct ever mode, a brief 
detailed account of the process may be instructive as well as interesting. 

It imqr be nnntioned at icat 1^ die reauh required from theae eo^erimenta 
IB the amount of the variatioa in the gravitational force acting on a pendulum at 
the top and bottom of the mine, and to assume that the inerea.so of force at the 
bottom ia owing to the greater density (rf the Earth in the interior than at the 
surface "^Vhen a pendulum is drawn nwny Bideways by the hand, it will, as soon 
as it is rtlea.'M>d, return to its vertical position, which it will pass, to almost the 
some position on the other side. The fort-e which makes this return is the 
foroe of gra\'ity, or the attraction of the Earth pulling the bob downwards. Thus, 
at eaoih vibration the gravitational force ia eKeroiaed, until, ftom the denaity of the air 
and other causea, the pendulum, after an intersal of some houni, ia again at reat. 
Thi.H supposes, however, that the iKjndiUum is suspended in such a manner that frirtion 
is avoided as much as po8.siblo. in the Harton expenments, two invariable pendulums 
were used, one of which was mounted in a building on the surface, and the other 
almost vertically, 1260 feet bcluw. Tlic upper station, which was formerly a stable near 
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flio mineKiffioe, was fitted up eixpmasly fi>r the ci^wriiiieiit, by the ownw of tlie mme. 
Tbo «oft ground was removed to a considerable deptb, and the tipaco filled widl aquare 

stones, and finally paved with great flat «;t one's, tn f^ive a solid bcnring fo tlio apparntus; 

additional walh and roof were added, the spacea between them being filled with iion- 

oonductlng materials, to prevent great changes ia the temperature. Gas laid on, 

ao that the obaemr bad the power of eqnaliaiiig the temperatin* if neoeesary. In the 

lower station, the floor of the solid rock wae ont loTd and paved; brick waUa were 

eieoted, a ceiling vrm put on ; and in this maimer three rooms were strongly made. 

Tn cnch station a firm Jrcn tripod-stand was orrctcd. On this .stand the pendidum 

wa.s KUHpciulcd hr rnrans of a jirojocfiTi^ piece of liartl steel, one end of which was 

gruiuid to a kuile-cdgc. This edge rested on piancs of polished agate, fixed in a 

frune fiimly attached to the tripod-atand. Bj thk anaogement, veiy Httle fridion, 

could take plaee. Behind the pendulnm, an ordinary aatrononucal dock waa placed. 

A. small inclined disk, covered with gold leaf and illuminated by n lamp, waa fixed 

io the l)ob of the clock pendulum. This illuminated disk was viewed by means of 

a small telescope, attached to a block in an aperture in the wall of the pendulum 

room. Immediately in front of the gilt disk, and projecting from the bob of tbo 

fkw peodnlnm, a long narrow tail was auspended, the adjustment being made in mdi 

ft manner that when the two pendulume were at rest, the bright didc was inTiaible. 

Now, if the clock pendulum were made to vibrato while the firee pendulum was at 

rest, the disk, or its bob, would be visible alternately on the two sidee of the 

pendidum tail. A pair of rheek.H of thin metal wns inserted into the opening of the 

clock-case, through which the disk wm mMU, the narrow slit being so arranged 

that when the dock pendulum was vibrating, the disk could not be seen on either 

nde of the tail. The apparatus when in this oondition was ready for use. If at 

this time the free pendulum were also made to Tibrato, it can bo esaily perceived that 

when the two pendulums were not vibrating together, the illuminated disk was always 

visible when it passed the small npcrtnrc in the clock-case; but wlien the two 

pendulums were vibrating in coincidence, which always took place at short intc rvuk, 

then the duk was invisible. Now, it was the business of the observers to note by 

the dook the md sectmd of eadi coinoidenoe as shown by the disappeannoe of 

the disk from view, and by its rei^ipeBTance • few seoonds afterwards. By thia 

operation, the number of vibrations made by the free pendulum in eaob set was cosily 

ascertained. Before, however, the number of vibrations at the upjjer fetation could 

be compared with the uuHiber of vibruliuns made by the free pendulum at (he 

lower station, a very important port of the experiment had to be made, by the 

comparison of the two docks, with which the reapective fiee pendulums were 

compared. In the Cornwall experinunts, &is comparison was made direcdy by 

means of chronometers carried up and down the mine, but in those at Hartoo, 

wires were carried down the shiift, connecting the two eloeks, for the easy 

trausmisftiou of galvauio siguttb. The success of the observations in the present 
m 
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instance is owing in some measure to this precaution, for the comparisons were madd 
as easily as if the two clocks were placed side by side. 

The m^od of comparison wh as foUows: — A galvBOomeCerf or oidiiiary telegraph 
needlei, was placed near to each eloek-ftce, in a ooovonient pontiom fbr the observer 
to note the time of ddleotion of the needle. In the upper station, a battery of 
twenty-fotir cells was connected by insulated wires with the galvanometer. Tlicse wires 
passed throu-^h tlio works of an auxiliary time-piece, in which, by a contact mado 
by pins fixed on one of the wheels, the galvanic current ootdd pass through two 
springs, and then through the wires instantaneously to die ooQs of IJm two galvaaooMten. 
The anziltaiy dock had the power of makuig a ngnal in this manner every fifteen 
seconds. At pre-anengad tbiiM^ Hm two obsewexs noted the dock-times at whidk 
the needles were deflected ; and as the galvanic owrent performed its circuit instantly 
through the wires connecting the two stations, the di£EBrence between the npper and 
lower clocks was found witli the greatent accuracy. 

But the object of the experiment was to determine how much the free pendulum 
at the upper station had piSaaA or lost on the ftee pendahnn at the lower statioD. 
This oompaiison ooeld, however^ only he obtained induectly by detemunmg in the 
Bmk place how much the free pendnlom had> in each case, gained over the clock 
pendulum ; and knowing, by the gslvank comparisons, how much one clock pendulum 
gained over the other, then the gain or loss, or in other words the exces" of vibrations 
niadt" by oik; free pendTilum over the other, was easily determined. Tliere were many 
minor, but necessary, precautions to be taken before a correct result could bo obtained ; 
iae instance^ the tempemtaxe of the air, the height of die barometer, etc., bad to 
be legistefed at botii stations, because the swings of the pendulum were oansideralily 
affected by the varying density and other conditions of the atmosphere^ eOReotioiiB fbr 
which had afterwards to be applied in the re<luction9. 

The Tncthod of observation followed during the course of the experiments 
consisted of four independent series, the pendulums being interchanged at the end 
of each. During the first week twenty-six seto of vibrations were observed at each 
statioo, each set occnpying aboot fimr hours, ao that incsssant observations were 
oontinned during 104 honrs. Observations of the galwnio s^pnls wero ahvays made 
at the b^[uunng and end of a h four-hourly set. Two of the six observers were 
engaged, one nbovc and one below — tlic watch la.sting twelve hours. The obHorvatlons 
continut'd day and night. At the end of the first week, the two free penfbtl-.ims, 
with parts of the apparatus which might have some influence on the results, were 
interchanged. During the second week, as in the preoeding series, the observations 
ware made incessantly from Monday mommg to Friday evening. On the Saturday, 
tike pMslalBm^ etc, were intstehanged again. In the tiurd week, the interohange 
waa made doling the night of Wednesday, and on Saturday evenhig the final 
observsition wa.s made. Tho.so interchanges woro necessari', to destroy any defect 

pocuiiur to either of the free pendulums, to the ugate plunca upon which they vibrated. 

Ml 
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or to tho Uiennometcra which exbibited the tempemtwe of the surrounding air. It tni 
iateilded also to intcn-haagc the iron staada, but when once fixed in position, their stabilitj 
was 80 great tlinf it wa-s considered wiser not to interfere with them during the cxprrimcnts. 

These scitiitific operations were ranicd on whilst ihc hibourers at tho mine were 
in full work. Indeed, it was no unut^uul circumatancc to see several of these hardy 
pitmen resign their position at the mouth of tike shaft, to allow the " philosopihera" to 
deaoenil in the cage to their myatetious chamber, dlscnsmng, meanwhile, many diffeient 
opinions on the object of this curioua enterprise. Daring tlic tliree weeks occupied 
by the experiment, nothing untoward occurred to interrupt tho observations; but on 
the (!ay after tho instruments hud been removed, nn nccident occurred in the slial't to 
bome of tho lifting apparatus, which, had it happened iu the course of the esperiments, 
would have caujicd considerable delay, perhaps injuriously affecting the result. 

It haa been already stated that the direct object of these cxperimenta was to 
ascertain the amount <^ the dafly aeoeleratioii of a aeoondsr pendulum at the bottom of 
a mine, oyer another placed in similar circumstances on tlie surface ; and to assume 
that any increased velocity at<;iiiu>d at the lower station ivas caused l>y a preatcr force 
of gravity acting on the pendulum. Now, it was found from llu-se cxprrinu'iitH that 
this force of gravity was greater at the lower station than at the upper, by about 
jjjg^ part of the whole force, and that its effect on the pendulum was such as to cause 
that at tiie lower station to make two and a quarter iribratttms a day more than the 
eorrespooding one at the upper station. 

Several other iraimrtant considerations had to be taken into account before the 
final result could l)c obtained, pivitio: the mean or average deni^ity of the Earth. For 
example, the formation of the crust or shell between tho two stations liad to be 
completely investigated; the surface of the neighbouring country was surveyed; and 
the thidmesB of e\'ery stratum of earth, rock, coal, etc., waa measured in the ahaft. 
One hundred and forty-two different layers were found. Of thesc^ the specific gravity 
of the principal strata was determined by Proflassor MiUar, ci CSsmbridge. From these 
specunen^ the average dennty of the Earth's emst at Hiurtoin is about two and a half 
times greater than water. 

After coiiibinini* the amount of daily nrreleration of the lower j>enduluni, with 
the specilic gravity, etc., of the Eurth's surface, according to mathematical principles 
hr too abstruse fbr these pages, the globe on whieh we dwaQ waa found to have a 
mean denuty of six and a half times grsater than that of water. This result is soue^ 
what larger than those obtained from former experimenta; but the Astronomer Royal 
OOnstdera that "it is entitled to compete with the others, on at least equal terms." 

From these researches, it is not difFieult to determine the actual weight of tho 
Knrth in poimds avoiixiupois, knowing as we do the exact .size and volume of our 
globe ; but it is not tho Earth only which can be weighed in this manner, for, using 
its mass and weight as the units of measurement, the masses and wdghts of the Sun 
and all the planete of the solar ajrsiem can be inferred. That the Imowledge of these 
m 
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mosses is invaluable, it is ouly necessary to tsay, that the accurate predictions of the 
positioiM and motioot of the heavenly bodies could nev«r be performed wi^ont xeliable 
data oomeeming die fomae at attnctian which ime body hae on another, which power 
ie regulated in a considerable degree by tiieir maaaea. 

Sometimes in the evenings of spring, near the equinox, a luminosity in the form 
of a cone may be observe*! shootinj^ upwards from the horizon where the Sun had 
set, reaching a considerable distance towards the ZLiiith. It hnn hwn fref|uently taken 
by those who are not familiar with the ordinary aspect of the sky, fur the Milky Way, 
for an aurora, or the remains of twilight. It is generally known, however, by the 
name of the Zodiacal Light. It is observed much more fitvourably in iropiool countries, 
where it has been notioed from day to day, and its portion, with respect to the stars, 
recorded with tlie greatest miuufciu->H. Wlmt this celestial phenomenon is composed uf 
has only been a matter of conjecture. It has been sug^ted that it may probably 
proceed from the reflected light of myriads of meteors which are now known to be 
travelog space even to the extreme limits of the solar system. Humboldt, however, 
considers that it may possibly be a vast nebulous ring, rotating between the Earth and 
Mars, or, less probably, the esterior stnttum of the sokr atmosphsnk He thus remarfca 
on its appearance in the equatorial heavens : — " Those who have lived for many years 
in the zone of psilms must retain ii pleasing impression of (lie soft beauty widi which 
the zodiacal light, shooting pyramidally upwards, illumines a part of the tmiform length 
of tropical nights. I have seen it shino with an intensity of light equal to the Milky 
Way in Segittarios, and that not only in the rare and diy atmoqihere of the summits 
of the Andes at an elevation of from thirteen to fifteen thousand feet, but even on 
the boundleBS grassy plains, the Utaum of Tenetuela, and on ib» aeoahore, beneadt the 
very clear sky of Oumana. This phenomenon was often rendered eopecially beautiful 
by the pnssai^e of light fleecy clouds, which stood out in picturesque and bold relief 
from the luminous background. In our gloomy so-called ' temperate ' nortlu rii zone, 
the zodiacal light is only distinctly visible in the beginning of spring, after the evening 
twilight, in the western part of the sky, and at tiie dose of autumn, before the dawn 
of day, above the castem horiscn." 

Other tiavellcra have noticed the superior brilliancy of the acdiacal light when 
viewed from stations situated within the tropics. Major Tennant, k.k., made a series 
of observations of its p<-)iiition among the stars from llie Bay of Bengal, during a 
voyage to Calcutta in the early part of 1^68. lie ire<iuently watched it, at intervals 
from sunset until nine in the evening; and after the glow of sunset was gone he 
always found the shape to be a portion of a long ellipsei, or parabola, ill-defined at 
the outlines, hut towards the axis and hMum thers was a marked ooadaisation of 
light. M. Du Chaillu, in his African wanderings, was also much impressed with the 
beauty of this phenomenon. When occasionally enchanted by (he suj)orb appearance 
of the heavens, at a timo when most of the constellations to which we have previously 

alluded have been only a few degrees south of the senith, the zodiacal light has 
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ftppctnd to acid fresh interest to the MenA. Beferring to iho roagnifioont spcctaclo, 
hit Mnuukk :— " Then, as if to give a still grander view to the almost enchanting 
Bcene, the zodiacal light rose after the Sun had not, increasing in brilliancy, of a 
bright yellow colour, and rising in a pvrainitlal isliapf liifrh into the sky, often so 
bright that it uTorahodowed the brightuess of the Milky Way and the rays of the 
Moon, tibe IwftntiM yeXkm light g^ually diminiiihiiig tomurds fho apox. It caat a 
gentle ndiaaoe on the douda mund it, and aometiiiMa fiurmed almoat a ring, bat never 
perfect, having a break near the meridian ; at times being reflected in the east with 
nearly as much brilliancy, if not as much, as in the west, and making me alinost 
imagine a second sunrise. April and May were the months when the lij^lit sliowcd 
itself in its greatest brillinncy. On April 13th, 1865, the glow coming from the west 
was so bright that it totally hid the Milky Way iu the priuci|>ul part of its course. 
I oodd only distinguiah it above the ewoid of Orion; die gfxm waa the brigbleat 
below the planet MaxB, and tiie baae of tiie pjnunid xeaohed, on the aonth, the part 
of the Milky Wa,j, at the foot of the Cross." The zodiacal "Bf^ aa obeerrcd ia 
England, can bear no comparison in intensity with the appearances above, probably 
owing to the greater amount of twilight north of the trctpical zone Tf hnn, however, 
been seen in this country, very favourably ou some occu&ious; at tiuicu we have been 
able to notice and record ita relative position with respect to neighbouring celestial 
objeota with great exaotneaa. To an obaervant eye it ia aometiraea distinguishable in 
iho apring eveninga without modh eibrt But tiio equatorial aldea alone niuet be 
eoanned to aee with advantage the pyramidal fonn and tiie anperior luatre of thia 
onrbuB phenomeaon* 

M. Borclly, of the Marseilles Observatory, observed, on the evening of the -iOth 
of January, 1809, a very splendid exhibition of the zodiacal light. While searching 
fitf oometa in the weatem part of the a^, the field of hia telescope was lightened 
i:^ with it, ao that the amall ataia were veiy diflBlcult to aee^ The light mounted 
npwarda ftorn that part of the horiaon near which the Sun had set. 

ICABS. 

Mars is the fourth planet from the Sun, being the next in order from the Earth. Its 
anrfiioe eshilKita a greater analogy to thai of onr own globe than that of any other planet 
of the aolar a]rfltem; and when it ia at ita least diatanoe fnm it abuiea with great 
apleodour in the midnight al^. Mars can always be distingoiahed from the other 
plaaots, and from the fixed stars, by its ruddy light. Owing to its occasional near 
approach to our Earth, great facilities are oljfained for delineating the various lights 
and shades on its disk ; and at Kuch opportunities numerous accur;if<^ drawings are 
always made. When viewed through large telescopes, the surface o: ALurs represents 
the outiina of eo n t i nenta and aeaa, and near the pdee white apota are deariy viaibla^ 
which owe their exiateuoe probably fo an aeovmulation of anew in the polar regiona. 

M4 
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The mfiaa dutanee of Man from tlie Sun k 

miles, and its ■Miwt distance from the Earth averages forty-eight millioQt. The 
equatoriiil diameter of Mars is about 4,363 miles, and its polar diiunotcr about seventy 
miles less. Mars revolves around the Sun in a few minutes less than 687 days. 
When in or near opposition, the form of Mars is sensibly globular, but in other 
portkof of ita orlnt it k gonmlly mml gibboua. 

Tho appoiwtiDBgiiitadB ofManwyery Tariafale. When on the opponte riida of iha 
Sun with respect t« the Earth, and at ifs ^'r< utcst diatance from us, its tdeacopic diameter 
amounts to lotis than four seconds of arc ; but at the times of its nearest approach at 
favoural)le opjiositions, its tel&scopio diameter is increased to twenty-four seconds of arc. 
When viewed on these occasions with a good telescope, the disk of .Mars appears covered 
wiih variona markings of a very diatmct chancier, aome of which give thoao defimid 
^q[ieanacea of continanta and aaaa which ha,Ta been ao ably depicted by ao many 
aatronomers. The brightest parts, eifia|ldng the white patches near the pole, have a 
ruddy tint, while the darker portions have a greenish hue, the effect probably of 
contrast. It is by the obnsorvution, ut different epo<4(s, of the jwsitious of these fixed 
markings on the di^k of Mora, that the must accuratq determinations of iU rotation 
hare been made. One noenily publiahed by Mr. Fxootor givea the value 34!' 37* 22'73*, 
whidi ia |M)ibaUy tree to fhe hnudredfli part of » aeooiid. 

If there bo any inhabitants on YeitiiB» the anrfroe of the Earth will appear to 
tliem very similar to that exhibited to us in telescopic views of Mars. Tliev will, 
however, have the advantage of seeing a globe of larger dimensions, but the general 
aspect of the terre»triul surface, including the distribution of luud uud water, will be 
the aame. The polea of ^ Earth would probably appear comparatively bright, aa in 
Mam, if it be true that our ttne^Kined poiar regkina are eorcnd witili iee and anew. 
Although the atmosphere of Man k not considered to be so dense as was fomeily 
attributed to that planet, yet it is prtnod that, like the Earth, it is surrounded by one 
of Buihcieut deuBity to obscure occasionally the various markiug» on its smlkce, 
particularly those near tho edges of the planet. Mars is doubtless subject to similar 
meteofokgical phenomena aa our Berth, and to perhaps greater andden ohangea of 
weather. Professor Phillips, of Oxford, haa remarked, that the great interchange of 
the humidity of the atmosphere which must necessarily take place periodically between 
the two hemispheres, and especially between the two poles, would give rise to very 
violent hurricanes, of which we have little conception. The difference in the lengths 
-of the jpaaia «f tho Earth and Mara, is one point where the analogy between the two 
planeta frila, Ibar aa tiie Uiartlal jrear ia nearly twice aa long aa that of the Eartib, the 
aeaaona en Mars will bo lengthened in a corresponding proportion. For example, in 
the northern hemisplure of Mars, spring lasts 191 Martial days, summer 181 days, 
autumn 14'J days, and winter 117 day« ; and aa the seasons are reversed in the southern 
hcniisphcre, spring and summer, taken together, last soventy-six days longer in tho 
northern hemisphero than in the aoaHieni. 
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Mara is the only larg« planet, exterior to the Earth, without a satellite. Being 
at a greater distance from the Sun than our globe, one would suppose that there would 
bo a greater necessity for an attendant Moon than with us, but no telescopic aid has 
been able to detect any object near the planet. If, however, a yery small Moon were 
situated comparatively near to the surface of Mars, our present optical means would 
probably not be suiEciently powerful to perceive it. In the absence of a satellite, the 
nightii of Mors must be always obscured, relieved only by occasional auroral displays, 
or by the morning and evening twilight before and after the Sun is above the horizon. 
The mass of Mars is only one-eighth part of that of the Earth. Its orbital velocity, 
or motion in space around the Sun, is 53,514 miles per hour ; and the velocity of its 
rotation at the equator 558 miles per hour. 

Until recent years the ruddy tint of Mars was universally believed to owo ita 
origin to an unusually dense atmosphere; but this opinion has boon considerably 
modified since the surface of the planet has been so carefully examined by Professor 
Phillips, Mr. Do La Rue, Mr. Lockyer, Mr. Iluggins, and others. It has been found 
that the light reflected from the neighbourhood of the poles has no trace of colour, 
although in its course it has passed through a denser atmosphere than that which is 
found on the central portions of the disk, where the ruddy tint is most apparent. Mr. 
Iluggins, who has made some ver^' important observations of the spectrum of the 
solar light reflected from Mars, remarks that "if indeed the colour bo produced by 
the planet's atmosphere, it must be referred to peculiar conditions of it which exist 
only in connection with particular portions of the planetary surface. The evidence we 
possess at present appears to support the opinion that the planet's distinctive colour 
has its origin in the material of which some parts of ita surface are composed. Mr. 
Lockyer's observation, that the colour is most intense when the planet's atmosphere 
is free from clouds, obviously admits of an interpretation in accordance with this 



view. 



Thii dingram of the 
] ath of Mara indicatrt 
the change uf the poai- 
tiun of the planet from 
Ottolxr, 1868, to June, 
1869, and exhibits, m mi 
example, ita rutrogradr 
motion among the Btmr 
u viewed from the Earth. 
Ita decreasing rij^ht m- 



cension was very evident 
to the naked eye during 
the first thrve months of 
1869, by comparing ita 
position, at intervals of ft 
few days, with the prin- 
cipal stars in the well 
known Sickle in the con- 
stellation Leo. 
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" Thm'* Mt tlM •iiMUcwt orb which thon bdi^'at 
Bat in Ui aMtlon lllce ra ragnl mng^ 

Still qairing to thp ynnng-fveJ cheinbilB; 
Such hftmifl^j is in immortal loul*," 

JArehflaf ^ rdiijati 

||S toon u til* TeUtiTe piwi t ioiiw of tbe planeCi in tihs aolar igntam beoMiie 
apfnoodautaly known, it was observed that a remarkable harmony existed in 

the profession of their distAnccs from the Sun, but that its uniformity was 
broken between Mars and Jupiter. This rep-ularity T.vas firnt pointed out by Kepler, 
more than three hundred years ago, but it was not till after the discovery of Uranus, 
in 1781, that any partioular attention waa dtieeted to this supposed law, wlwn 
Pkvtfenor Boda^ of Barlin, poiUiahed » motlillaation of i^ now known aa Bode'a 
"an^plzieal law nt planetary diatanoefc*^ Aoooidiiig to this law there ought to be a 
planet, or eomething equivalent to one, rcTolving around the Sim in an orbit situated 
b<.tweon fhnse of Mars and Jupiter ; and, tn detect such a body, an association of 
aatrouomers, under the guidance of the iiuron d© Zach, of Gotha, was formed lor the 
express purpose of making a strict and systematio search for the supposed unknown 
nember of the aolar ayitem. Thia examiaation of the keaTma within n lunited qiaoe 
on eaoh nde cS tiie ediptu^ waa prowented with gnat nal and energ y In the olodng 
years of the last oentary. Oreat was the exoHepient, ttenfiire, wlien Ptolbwor Piazzi, 
of Palermo, announced that on the first day of the new century, January Ist, 1801, 
he noticed a small object, which, by its motion relatively to the npiphbouring stars, 
he oonsidered to be a comet, but which Professor Gauss, by oomputmg its orbit, found 
to be a phinet, named afterwarda Oeni. Ihia diaooreij waa Ibllowad hf linee ottien^ 
PeOaa. Juno, and Teeta, the laat in 1807. The aeanb waa eon t inned during aareral 
yean, especially by Others, but without any further aoeoeaa. 

The discovery of these small planets confirmed in a great measure the accuracy 
of Bode's law : yet the existence of four instead of one, all at an unequal distance 
from the Sun, was not what that astronomer expected. Dr. Olbers starttMl an 
hypothesis that Ceres and Pallas were probably fragments of a large one which 
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had, hj aooie oatMtropbe^ be«n Imkea to pi«OM; and tlwt it wm rwy likely 

that other fragmonta, tOO minutts to be detootcd, WWe revolving in simikr cnliitB. 

When Juiu) and Vesta were added to the prrotip, ho considLTcd tluit frcsli evidence was 
gathered to g^ivc plausibility to his conjectures. The iuvestigatious of the motions of 
the numerous minor plaaets discovered in later years, do not, however, tend to confirm 
Dr. OlbeiB* theory. 

The fifth of the minor ploaielB me detected hy M. Benclce, et Drie— e n, Genmny, 

on the 8th of December, 1845. In 1846^ the aUMt distant of the planets, NcptioMb WB8 
dlHcovorod. Sinco that date, no year baa passed awny without an addition to the known 
mrnibt^rs nf the solar systoin. The number of thcw niinvite planets Ixtwocn Mars and 
Jupit«r now (September, 18G9) amounts to onr hundred and eight. Their orbits are all 
oompnted with tolereble eoouracy, and systometie olnervatioiie eontiiiiie to be made of each 
when in fisTonreUe pontions. Ueny eireumetuiOBB oonmeoted with the diaeovery of eonie 
have been peculiarly interesting. It would OOOUpy, however, too much space to give a 
detailed description of the different members of this group, further than to state that 
the Hiajorify of them were found by comptirliip limited portions of the heavens with 
either publisihod or manuscript star-charts cuuuiiuiug all stars down to the t«nth or 
ekrenth magnitude. A ftw were Jbond leoidentelly while obaenriag, or wdcing tat 
another small planet. Dr. Lather, of Bilk, near Dnsaeldorf, has disoovered smitlMM, 
the late M. Goldadnaidt fourteen, and Mr. Ilind ten. The following liat eontaine all 
the infonnatieQ eonoeniing them likely to be of any popular intereet 





SAMS. 


DATS or MSOOVBST. 


OIMOTIBBB. 


fLACB or DiaOOVBBT. 


\ 


CeiiM. 


1801, January 1. 


PiazzL 


Palermo. 


2 


Pallas. 


1802. Uarch 28. 


nibera. 


Bremen. 


8 


Juno. 


1804, Soptembwl. 


Uardini^ 


fJlSfnHial- 


4 


VMtB. 


1807. If snb S9l 
1S4S, Decctnlisf 8> 


Olliaa. 




5 




HeBoks. 


DriWMB. 


6 


Hflie. 


1847, July 1. 


Heaaka 




7 


Iria. 


,, Ai^juAt 13. 


Hfnd. 


Loudon. 


8 


Flora. 


., October 18, 


HiMiL 


London. 


9 


Mptiii. 


1848, April 2S. 


Graham. 


Mark roe. 


10 


Hygibi. 


VM», April IS. 


De Goaporis. 


Naplni. 


11 


PSitbrnaps. 


1850, May 11. 


DeOssiwna 


HaplM. 


IS 


Tictoris. 




HiBd. 




IS 


Egiaia. 


,, November 2. 


De GasparU. 


Naplea. 


14 


ItVDC. 


1851, May 19. 


Uind. 


London. 


15 


Eunomia. 


„ July 29. 


De Gasparia. 


Naples. 


Id 




ISftS, Hanh 17. 


D« GaafMris. 


fiafdca. 


17 


TlMtis. ' 


„ Apifl 17. 


Lather. 


BOk. 


IB 


Melponesa. 


„ June 24. 


Rind. 


Loadw. 


19 


FoTtmiii. 


,, Augoat S8. 


Hiod. 


LoodoB. 


20 


Mamilia. 


„ R<"pt*mber 19. 


IV Gaaparifi. 


Naplea. 


21 


Lutctia. 


„ November 15. 


Goldachmidt 


Paris. 


22 


Callioi"" 


,, November 16. 


Hind. 


London. 
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xo. 




DAtB or SiaOOTIBT. 


maoovsmL 


PLAAB or siacoTiinr. 


23 


Thai in. 


1852, December 1&. 


11 Inn. 


T 

l»n(ioD. 


24 


Thomia. 


185S, AfiriK. 


Ue uaapana. 


riapies. 


S5 


FbooM. 


April 8. 


Chaooruw. 


jIaraeiUea. 


SA 


• 

1 luaarpuis. 


„ May 5. 




jDilK. 


27 


Eut«q>e. 


„ November 8. 


13 inc. 




28 


Bvllona. 


1854, Mutvh 1. 


Luther. 


1 ) i 1 1- 


29 


Am|ihitnte 


Jl.in-li 1. 


Jaiartiu 




SO 


Uruiiii. 


,. July a. 


HIIUL 




ai 




8i>ptenberl. 




WMPimWIBa 


32 




„ Ortobor '26. 


I'OitiMlunidt. 




83 


PolytijjuiaiU 




Charomac. 


rmTUt 


^4 


Circe. 


1855, Ai'ril »>. 


Cliai'ortiiic, 




86 


Lett CO Um. 


April 10. 


Luther. 




M 


Atataata. 


„ Oet0l»r 8. 


lioldarnmiut. 




87 


Fi<les. 




T - 


t*UJt» 


38 


LmIh. 




Cfaac^^rnaiC. 


Innm 


39 


Laetitia. 


,, Febraary 8. 


Clijii'or nric. 


1 ans« 


40 


Uamonw. 


„ March 81. 


use nzuia k 


I Brul. 


41 


DtphiM. 


n 


ijo u 1 wciuiimia 


Parifl 

ijiris. 


42 


Idili. 


„ May 23. 


Pogaoa* 


viziora* 


43 


Arift<lne. 


1857, April 15. 




AvAinl 


44 


Nysa. 


„ May 27, 


^fOHincnTTiin I . 


Pii 1 1 *i . 


45 




June 28. 






46 


Hestia. 


„ Angast 10. 




CiwCrsr-A 


47 


A«UU. 


„ September 16. 


ijltUltt. 




48 


Doris. 


„ Sept^bcr IfL 


<M -■J *- » 3 * 

UWOtCniDiat. 


rAIUh 


49 


Pales. 


,, September 19. 


UoUiAchmiat. 


Paris. 


50 


Virginia 


„ October 4. 




rV ttsHUlgton. 


61 


Nemouaa. 


1868, January 22. 




Nisriica, 


58 


Europa> 


„ Fibrmiy 8b 


Uoluactimiut. 


Paris* 




Calypao. 


„ April 4. 


Luther. 


i5llK. 


54 


Alexandra. 


„ September 1 0. 


uoiascnmiut. 




55 


Pandora. 


,, September 10. 


oearJe. 




66 


Mclet«. 


1857, September 9. 




Paris. 


57 


MucTDoayiid. 


1859, September 22. 


Luther. 


nils. 


58 




1880^ UuchSA 


Luther. 


Ti;tu 




Olympifc 


September 12. 


ChaoofMe. 


Iruiia 


f.O 


y.rh<\ 


September 15. 


FcrguaoB. 




<ll 




,, fv]it<Mlll"T 10. 


uoiuAcnnudv. 


\. rn ' w 1 '^ii 'IffflW iwgmni w. 


63 


Erato. 


„ October 10. 


roreier. 




88 


AnaoBk. 


1861, Fcbmaiy 10. 


lie OMpans. 


riapini. 


64 


AnReUna, 


Ilaidi4, 


Tempel. 


MaiMllflBa 


65 


Cybele. 


HaitliS. 


TempeL 


MarvefllM. 


66 


Miiiii. 


April 9. 


Tuttk-. 


Cambridge, lTa8* 


67 


Asia. 


,, April 17. 




Madras. 


88 


L«to. 


„ April 29. 


Lutber. 




69 


Hcsperia. 


„ April 29. 


ScbimareUL 


Milan. 


70 


Panopea. 


„ May 8. 


OoMaeltmidt 




71 




,, Aiijrn'rt 13. 


Luther. 


BOk. 


72 


Ftrunia. 


„ May 29. 


Petera. 


CHnto»« U.S. 


73 


Clytie. 


1889; April 7. 


Tnttle. 


Cainbri tT«& 


74 


GaUt«^ 


Aogoat 39. 


TempeL 


Manttiiiles. 


75 


EurydiMk 


ft 1 > V ft mull !■ 44 

cwpcemnrm. 


Petem. 


Clinton, U.S. 


76 


Freia. 


„ October 21. 


D'Arrwt. 


CiHwinh^mnn 


77 


Frigga. 


November 12. 


PMeia. 


caintoD, U.S. 



S8» 
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NO. 


KAME. 


DATS oy DI8C0VKKY. 


DIHCOVEKEIL 


rLACE or DiaCOVKAY. 







1863, Miin h 15, 


I.nther. 


Bilk. 


1i 


Kiirvijmii** 


ff St'|>U.'Uilx*r 34. 


Wataon, 


Anil .^Vrbor, U.S. 


80 




1864 Mav 3 


I'ogBon. 


Madr^a. 


81 




Sentembar 30. 


Tt? Ill pel. 


Manseiiles. 


82 


n H 111 WW* 


KownlMr 27. 


Luther. 


Bilk. 


RS 




1865. April SflL 




Nftplw. 


84 


Clio. 


AuinifltttS. 


Lnther. 


BOk. 


85 


In 


Septum b<?r 19. 


Tcttra. 


Cliuton, VA 


86 




1866, January 6. 


Tirtjcn. 


Berlin. 


87 




„ May 16. 


Pogson. 


Madras. 


88 


Thub*. 


,f June 15> 


PetetB. 


Clinton, U.S. 


89 


Jolk. 


mm AOtfuM uL 


Stlpfau. 


Marseillan 


90 


Antiope. 


October 1. 


liUthcTi 


BOk. 


91 


.£gina. 


„ Norember 4. 


Stepium. 


MwaeflleiL 


92 


Undino- 


1867, Julv 7. 




Clinton. U.S. 


93 


Miucrvtt. 


AuiTUAt 24. 




Ana Arbor, U.& 


94 


Anrora. 


,, SeptetiiWr 6. 


'W'atwMI. 


AmtAxbiir, U»8> 


95 




November 23, 


Lutber« 


Bilk. 


99 




ISSS, Fehnuu7 17. 


CogRk. 


HuMOleB. 


97 


Clotho. 


„ Fcbraary 17. 


Tfmp«L 


Mameille*. 


98 


lanthe. 


„ April 18. 


IVtira. 


Clinton, U.S. 


99 


Dike. 


,, May 29. 


Bon^lly. 


^[:ln>(■il!l^s. 


100 


Hecate. 


.. J»iy 11- 


Wataoa. 


Ana Arbor, U.S. 


101 


n«laiia. 


„ Aoffntt !«. 


WatMO. 


Ann Arbor, U.8 


102 


MiriaiM. 


„ August SS. 


PetenL 


CHintoB. u.a 


103 


Hen. 


,, September 7. 


WatMiB. 


Abb Aibor, U.S. 


104 


Clymeue. 


„ S.-|-t.'ni1)«r l^. 


Watson. 


Ann ArTwr, T' S. 


105 


Artcmu. 


„ Ssjjltiubtr 16. 


Watson. 


Anii Arbor, U.S. 


10« 


Dione. 


„ October 10. 


Wataon. 


Ann Aibar» 11.8. 


107 


Cftmilk. 


M 2I«r«inb«r 17. 


Pi^gem. 


HadiML 


108 




18CB. ApvttS. 


Luther. 


BiDb 



Th« OMMt of die minor iiaaiieti to die Sun ie Ekm, at a mean dutaooe of 200 
millkoe of loilei. Oybele and Sjlvia, die &tdMal htm die Baa, ave mm dum 300 

millions of miles distant, the intermediate ipaoe iMiag ooeopied die group, the 
orbits of the different members of which are 8epnrato<l on the average by about 
one million of miles only. The actual linear dimensions ot the minor planets are 
Teiy Tariable; the largest of them, Ceres and V^eata, being, according to Sir W. 
Henbhel, almt SOD milee in diameter. Atalanfa, Seho^ and Maia, dnee of die 
■malleet, an iiqipoe e d to Iw leM tbaa twenty milee in diametor. 

Melete, No. 56, was discovered by M. Ooldschmidt on September Oth, 1857, whilst 
searohinfT for Daphne, for which it wa.s lakrn. Its order in the preceding table is 
regulated by the date when it was iii-tit identiiitxl by M. Schubert as a separate planet. 
Feronia was also observed during several months as Maia, till its independent eziatonoe 
wu deteotod hj Biilbird tmn a dieniinoii of tlie obMrratioiuk 
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N«xt, MM JwiTBR for diitaat i^auu, 
Beindy tnlightened with ttw lohr bCMM. 

With four unfixed ixoL-ptiiok-.s of light. 

He towers ii»ge«tic through the apocioaa bei^t ; 

But farther yet the tardy Satvbii Itgl, 

Aad tight AttendADt lomiiuries drags ; 

Ittvaatlaf trith » dottbb ring his pac«. 

He tnivets through immenaity of simce. 

Kext, am ITraxiis wheeling wide hia round 

Of fonracore years ; not unaMisted found 

By human «y« ; the telescope diapkys 

Hfm, witii fenr moona, to philosophic gaze. 

Still more remote, palp NKfarsH weniis his wuy; 

The &tud«ut*8 skill diTiu<:4i bia distant ray. 

His lengthened year, by hia doir-iniiiflBg pMi^ 

A hoadnd aisl3r*CMtr «f sum mtj tnM^* 



UPITER is the largest plunet of the solar system, av<\, oTni*tiTig tho gro«p of minor 



planets, the fifth in order from the Sun. Its diameter in about 85,000 miles, and 



its bulk is nearly 1250 times that of the Earth. Jupiter is aocomptuiied in it« 
orbit hy Aw nooiia timbb ividi dight optioal aid, ajid iti tytUm bears a oompleto analogy 
to that of wUdh it is a mamber, obeying the aame ]aw% and exhibiting in the most 
attractive manner the prevalence of the law of gravitation as the guiding principle of the 
motion of the satellites around their primary. The time occupied by a complete revolution 
of Jupiter round the Sun is nearly twelve yearn. Its average distance from tho Sun is 
478 millionB of miles. Some idea of the extent of this intenral of celestial space may 
be gathend inm the ibot that a oannoa^ball, going at th« rate «t 500 milea an hour, 
would take more than ninety years to perform its joumsiy between Jnjrftnr and the 
Earth ; or a railway steam-engine, trareUuig fifllgr nulm an lioiiiv woidd require nine 
eenturies to pass over a like distance. 

Jupiter revolves on its axis in about nine hours and fifty-five minutes ; a Jovian 
day isthevafiBrelsBBthaiitenirf oarhonra. Its mass, or weighs is 300 times greater than 



CaATWTOH (amplified). 



JXTPITER. 
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that of the Earth; hut na its bulk, or volume, is nmrly 1,250 times greuf«r, it follows 
that its density can only be one-qimrtor that ol' the Eurth. Jupiter is passing through 
•pac« at the rate of 28,743 miles an hour, und ia also jicrrurming the equatorial 
revoiltttioa od ito own axis ftt tlie rate of 37,726 niflea an hoar. As aeon horn the 
Earliht Jv^tar doea not pnmt any aanaibla phaae m ordinary telMoopea, owing to ito 
great distanco from, the fiim; bat trhan obeervod through a powerful telescope the 
right or left edge of ito didc afaowa oocaaionally ooosiderahle aigna of want of 
illaminntion. 

When viewed with the naked eye, Jupiter ahures with Venus that universal attention 
which ia alwaya given to the evening and morning stars; but sometimes Jupit^^r shines 
with even greater ^lendonr than Yenua, eipectally when it ia due eouth at midnii^t 
an the winter monthe. At theee tiaMt^ Jnpiter paeaea the meridian at an altitude equal 
to that of the Sun in summer, while the light of Venue ia fre«j[uently partially ecliixsed 
by the twilight, or by the hazy nature of tlio iituioHplipre near l)\v horizon. But when 
Venus is at its gmit<!st hrilliancy, the greater intensity of its reflected light makes it 
invariably the brighter planet of the two, although its diameter is much smaller than 
1^ of Jupiter. It iM, however, aa a teleeeopic objeet that Jupiter haa beoome ao 
popdar and mtereating to die aetronomer, for by die applicatiott to the eye of a very 
ordinary telesc-opc, the four attendant satellites or tnoons, and the distinctive lineaments 
of Vght and shade on ito sur&ce, become plainly visible. The motions of the satellitea 
around Jupiter arc very soon perceptible, as they are continually changing their positions 
with respect to the body of the planet. Sumotiinos they are seen to disappear into 
tho shadow of Jupiter, and thus become totally eelipsod, similarly to our own Moon ; at 
other timea they are ohservel to pass behind the planei^ and then reappear on the 
opposito aide; and ^aai at other times they may be notioed on the ihk. of tho planeL 
This last appearance is a very interesting phenomencm, aa not only is the image of the 
eatollttc projectrtl on the di.sk, but its shadow olso is generally seen at the same time 
as a small rmiTid black i»j)()t. On mme oceasions, Jujjiter is wtn uj)parenlly without 
eatellitee, whieh at these times arc either obscured in the shadow, or projected on the 
disk <^ the planet, but thie ooenxrenoe ia very rare. The last phenomenon of this kind 
took place on Almost 21s^ 1667, when, notwidistanding the general unfkvouraUe atato 
of the weather, some very interesting observations were made. Tho most curious waa 
tho appearance of the fourth satellite on the disk of Jupiter as a dark object^ nearly 
as black as its shadow. From this observation, it has been inferred that the reBectivB 
power of this satellite, which is the most distant from Jupiter, must be greatly inferior 
to the other three, and that it is also of less iutrinsio brightness than the body of the 
pLuMt. The telesoope also reveals to ua that the surlaoe of Jupiter ia partially eoveced 
with Inowniak-grey atreake parallel with the equater. Two of theee are very eonepiewni^ 
one north, the other south of the equator. They extend completely around tho beU of 
the planet, for no great deviation in their form can bo observul on o])jxisite sidca. These 
streaks, or belts, resemble in some measure the Uoes of stratus cloud often seen on 
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calm evenings near the horizon about the time of sunset. Between the two principal 
belts, a more brilliant ground marks tlic eqimtorial region of the planet. Towanls the 
poles, a continuation of parallel belts of different intensities can bo observed. The 
illumination of the disk near the poles is evidently more feeble than near the equator. 
Occasionally dark roiuid spots have been seen on the principal Inilts, which have affordiid 
a good means for the determination of the time of rotation of the planet. Some excellent 
drawings of Jupiter have been made by Mr. De La Rue, Sir John Ilerschel, M. Miidlcr, 
and others. 

The satellites of Jupiter were discovered by Galileo on January 7, 1610. lie first 
imagined them to be fixed stars, in no way connected with the planet. By a mere 
accident he happened to examine Jupiter on the succeeding day, when he was surprised to 
find that the arrangement of the stars was quite different, three of them being now west 
of the planet, whereas on the preceding day two were on the east side, and one only on 
the west. On January 13, he saw four stars, when he came to the conclusion that they 
were small planets revolving around Jupiter in the same manner as the ordinary planets 
revolve around the Sun, forming, in fact, a miniature of the solar system. In the same 
way as they were first seen by Galileo through one of the newly-invented telescopes, so 
they can now be easily discerned through any ordinarj'^ instrument fitted with an 
astronomical eye-piece. The satellites are generally known by simple numbers in the 
order of distance from their primary, but they have been sometimes called lo, Europa, 
Ganymede, and Callisto. The periods of their revolution around J ujiiter are : — 

First satellite . . . . IMS'- 28«» 

Second „ . . . . 3 13 14 

Third „ .... 7 3 43 

Fourth „ .... 16 16 32 

The following diagram exhibits the apparent path of Jupiter from April loth, 1868, 
to the end of February, 1869, including the period of retrograde motion in the Autumn 
of 1868:— 




ATtAXiKsr i-ATii or Ji riu.u. 
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SATURN. 

fifttani is thft aizth larg« planot from th« Siiii,&iid it one of the mostbeBntiful eelefttial 

objects which come under the notice of the star-gazer. Saturn ia • stupendous globe, 
about seven hundred timos j^ntcr in Tolume tlum the Earth, surrounded by a series 
of rings of solid mutter, and uccompauicJ in its course unmiul the Sun Ly tij^ht 
Bat«lliteji. All this complicated system moves with a cuuimuu motion so exact that 
no part interferes with another in their orlntBl reyolntion, whioh is peifonned in 
rether lees than thirty years. The mean distance of Saturn from the Sun ie more 
than lu'nt' timefl that of the Eai-th, and nearly double the distance of Jupiter. The 
equatorial diameter of the ball is 74,000 miles, while its polar diameter is about 
60,000 miles; its form is therefore scn'iibly clliptirul, am\ is itomething the shape of 
a well-flattened orana:^. Streuks o{ light nud shade have been ob8er\'cd on the ball, 
Tery similar to the better kuowu belts of Jupiter, affording »ome kind of evidence of 
the eoDBtenoe of eurrents of air analogoua to our trade winds. This supfwaition 
would lead ua to infer that die aurfiuie of Saturn is surrounded hj an atmosphere 
subject to nil its attradant meteorological phenomena. Saturn revolves on its axia 
in lO*" 20™ 16*, consequently a Saturnian day is less than half a terrestrial day. 

But the system of rings which encircle the central ball of Saturn is by tar 
the most interesting appendage of this magnificent planet. Before the invention 
of the telescope, the existence of the rings waa unknown. Even the Teteran Galileo 
waa unable to view them satisfactorily, owing to the low penetrating power of the 
telescopes of his time. According to M. Arago, this low-defining power of Ghdtleo'e 
telescopes was a source of great perplexity to him. In a letter to the Grand Duke 
of Tuscany, he announced that the planet was " threi -bodied," remarking that when 
he (il)served Saturn with a telescope imignifying thirty times, the cent ml ohjt-ct 
appeared the greatest, the two others l>eing attached, one on the east, and the other 
on the west aide of tiie principal hall. At a latsr psciod Galileo obssrred Saturn 
at the time of one of ite equinoxes when the plane of the ring pasaea through the 
Sun, which then ittuminates only the edge of it. On this occasion Saturn appeared 
to the illustrious asfenmomer as a perfeotty round object; he was therefore led to 
coneliide that his previous observations were nothing more than optical illusions. 
Galileo died in ir»4y, ami it Avas not till lluygens ohservwl the rinps, in 105f>, lluit a 
true explanation uf the cause ul the pheuomeiiou wa^ given. The gradual impixivemeiit 

in the construction of telescopes soon, however, supplied the means for obeerring the 
form and dimensions of the two bright rings aa we see them at the pr e s en t day, 

excepting only that the superior definition given by modem telesoopss has enabled US 
to make further discoveries of great importance. For Instance, the extorior ring, or 
that farthest from the planet, is seen separated from the intui mediate ring by an 
empty space, showing that they are quite indepeudeut uf each other. Between 
these and the ball uf the planet, a dusky, or scmi-trauspareut ring has been obaervul 
274 
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Bmce 1850. The tint, or colour of the rings, is varied, the intermediate ring being 
the most brilliant of the three. The two exterior rings are opaque, and cast a very 
decided shadow on the disk of Saturn ; but the dusky ring is evidently of a gaseous 
nature, as a part of the luminous disk can be seen through it. The thickness of the 
rings is very minute, so much so indeed, that when the edge is precisely dirccte<l to 
the Sun, it is nearly invisible even in telescopes of great power. It is assumed from 
this that the thickness cannot be much greater than 200 miles. At these times of 
its equinox, Saturn has the same globular, or rather spheroidal, appearance as the 
other large planets ; and advantage is always taken of the invisibility of the rings to 
obtain accurate measures of the form of the central ball. The phenomenon of the 
disappearance of the rings of Saturn takes place at intervals of about fifteen years. 

The mass, or weight of Saturn, is about ninety times greater than that of the 
Earth. The density is, however, only about the eighth part of the Earth's, or, in more 
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familiar words, a cubic foot of the material of Saturn is eight times lighter than a cubic 
foot of the material of which the Earth is composed. Saturn moves in its orbit around 
the Sun at the rate of 21,220 miles per hour, and also turns on its axis at the equator 
22,216 miles in the same time. It is impossible for any one to view this magnificent 
object through a large telescope without admiration, especially when the planet is in 
Buch a position with respect to the Sun and Earth as to exhibit the fullest extent 
of the rings, ilany observers have, on such occasions, made elaborate drawings, showing 
all the minute |>eculiaritie8 of the planet — those by Mr. "Warren De La Rue and Mr. 
Dawes being almost perfect delineations of the disk and rings. Of the eight moons 
of Saturn, five were discovered between 1655 and 1684, two by Sir "William Hcrschel 
in 1789, and one by Messrs. Lassell and Bond, in 1848. The satellites of Saturn are 
distinguished by the names of Titan, Japetus, Rhea, Dione, Tethys, Enceladus, Mimas, 
and Ilj-perion. The three last are very faint objects, visible only occasionally in our 
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largest tdesoopM. It has been ranatked by Sir Jobn Hersehel, that at tke time 
Enceladua and Hinuw were diftovered bjr his father, " they were seen to thread, like 
headx, the ulmost infmitoly thin fibre of light to which the ring, then seen edgeways, 
nulucid. itiu! for a short time to advance off it at cither end, speedily to raUim, 
and hastening to their habitual couc^dment behind the body." 

XrSLAJXXSS, 

Uranos is the nest phmet in order of dii^tance from the Sun. Like Jupiter and 
Saturn, it is the centre of a H3-titcm, having at least four satellites, while it has probably 
more, but too smal! to be detected in our telescopes. Tlio dkcovory of this large planet 
by Sir Willium Jicrschcl in 1781, March 13lh, was to some extent accidental. On 
the ovening of that day the illiiBtrioiiB astranonier vaa exaimning the small stars in 
the neighhoviliood of H. Oeminomm, when he noticed one whrah seemed muoh lighter 
than the rest The magnitude of this object ww ao much greater than any which he 
expected to find there, that his suspioions were aroused; and aftvr watching it for some 
time he concluded thai llio strangrr was a eomot. TViiig engaged at tho time in a 
series of obHcrvutiorm un the parallax of the tixod stars, ho had near him lieveral eye- 
pieces of high magnifying power, with which ha aiamined the new object "I put 
on," he remarka, *'two poirei% 460 and 08% and found the diameter of the comet 
moTBaBed in proportion to the power* as it ought to he» em a aup|iositaQii of its not 
hmng a fixed star, while the diamct^ of the stars to which I oompared it was not 
increased in the snme ratio. Moreover, the comet being mngnified much beyond what 
its light would admit of, appeared haiy and ill-doiined with these great powers, while 
the stars presented that lastre and distinctness which, from many thousand observations, 
I knew they woidd retain." 

OhservationB of the anpposed cwaet were made, not only hy Hersehel, hut hy all 
the principal astronomers of Europe. Owing, however, to ita slow motion in the 
hcQV<'ns, several months elapsed before its planetary nntwrc was even conjectured, 
when it was provisionally placc<I in tho mhir system exterior to iSuturn. Tt was not 
until Laplace communicated to the Academy of iSciences in January, 17S'6, elliptic 
clementa of the planeC, tiiaft all donht waa removed. Hemdiel, aa the disooTerer, gav« 
the new phmet the name at Oeiagiam fijdas, but the French aatronomers resolTed to 
know it onlj hjjr the name of Herschcl. Pnrfeasor Bode proposed Uranus, which 
was at first unpopular, but this name has been gradually snperscding the other tWO* 
until, l>y universal cunsont, it is now adoplel hy tlic astronmnei-s of all countries. 

^Vh a telescopic object, Uranus apjicurs with a small round disk sliining with a 
pule yellowish light. It is aeoompanied in its journey round the Sun hj aeveral 
satdlites, but owing to its imm«iae diataiKW from ua they are only seen, eren in the 
b<!st of tdesoopes, with tiie greatest difficulty. TTi rsdiel has recorded observations of 
six, but some of them have nevar been confirmed by later astronomers. In fact, w« 
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are only oertain of four, two of which wera obwrvad by Hetaohel. The wuuamng 
two are nearer the planet than the iimermoet of 'Heracbel'a. Hieee torn eateUitea are 
known hy the names <^ Ariel, Umbriel, Titania, and Obenm. 

The diameter of Uranus is about 33,000 milos, and its volume or bulk is scvpnty- 
four times greater than that of the Ivirlh. The solar liglit und heat reflettcd on the 
eurface of a planet ao distant as Uranus must be very small comparatively to what 
we are receiving, if a eooataiit ahwnption of the light and beet haa taken place while 
paning thiongh spaee. AMunung the aolar influenoe on the Earth to eqnal 1, that at 
Uranus, which is more than nineteen times farther from the Sun, amounta <mly to 
0*003, or the thne-thoiuandtli part of that to whioh we are aoeuatomed. 

NEPTUNE. 

The history of the diMoveiy ef Nqvtvne ia a recmd of one of the greatest triumphs 
of InteQeetual skOI whidk have gnoed the pto g t o s a of astronomical knowledge from 
the earliest ages to the present time. Two mathematicians, working independently of 
each other, each iM'Heving faithfully in the truth of (ho laws of universal gravitation, 
and having for the subject of their investigations certain observed irregularities in the 
motion of Uranus in its orbit, which could only be accounted for by supposbg them 
caused by the attraction of some unknown large planet at a still greater distsnoe from 
the Son, announeed to the pnuitieal astrDnoniBr, that if the adapted theory of the 
universi> bo true, the supposed body must be in a certain position of the heavens. 
The»e two ninthcmaticians, M. Le Verrier, of Paris, and Mr, J. C. ^Ndnms, of ranibndge, 
sent the results of their calculations to the principal astronomers, some of whom 
organised a series of observations for a systematic search. When Dr. Galie, of Berlin, 
recetved on September 83rd, 1849, the indioaticMi of the place of the si q pposed planet 
horn. M. Le Yerrier, be took advantage of a brilliantly dear evening whioh fortunately 
occurred on llie same day, to direct his telescope to the spot comtnunicatod to him, 
when he soon noticed an object which wn» not inserted in the star-chart with whirh 
he vf&s comparing the sky. lie suw iu about three hours that it hud certuiuly moved, 
but on the succeeding evening ho noticed that it bad retrograded relatively to the 
neighbouring stars liill finir seconds of time. He then annonvced the disoovery of the 
planet now known as Neptune, which has since been Ibund to mom in an orbit 
exterior to Umiua at a mean distance from the Sun of 2,760 miUions of miles. 

Although the nctxial discovery of NepfniMJ resulted from the calculations of M. 
Le Verrier, yet it was partly by nccidcnt that it was so. Mr. Adams had plneed his 
approximate elements of the disturbing planet in the hands of the Astronomer Koyol 
and Professor GhalliB many montha previously ; uid the latter had even cinnmenced a 
search for tiie planet on the 29th of July, 1846. As Ihe star^ohart used by Dr. QaUe 
was unknown in En^and, Professor CSiallb was obliged to make his own mape. 
Unfortunately, these manaseript maps were only partially compared to show whether 

»7 



Digitized by GoOgle 



XOTES ON THE SOLAR SVSTfJf. 



the plan of obwrrfttion was etll>ctuul or not, for Professor Challu vppean to liaTO had no 
sanguine tiopes at the time that " the indications of theory were aocnrate enough to 
give a chance of diHCOVcry In so short a time." After T)r. Galle'f* announcemoiit, it 
was found that the Cambridge astronomer had actually noted the position of the planet 
in the map of the stars made on August I'ith, and that when the previous partial 
sxanunation bad been made^ the oompariMHi was miqieiiided at otar No. 38, wbcn tbe 
planet was No. 49 on the map. 

Tlie diameter of Neptune in reckoned to be about 37,000 miles, but owing to the 
remotenoss of the planet, this value is subject to some uncertainty. Its mnm is about 
the 15>,000th part of that of the Sun, and the density of its material is about two- 
thirds of the density of the matter composing that body. On the surface of Neptune 
the Sun appears about tbe same magnitude aa Venus wben at its greatert biillianGy 
as viewed hvm tiie Earth; but the intensity of the Son's light would be mora than 
10,000 times grf^ter than that <rf Venus. As some compensation for the comparative 
absence of Kolar light, it is very probable that Neptune is furnished with several 
moons, in like manner with the other major planets. Our present telescopic means, 
however, have not sufficient space-penetrating power to enable us to detect many such 
minute olvjeots at so great a distaaoe. One satellite has undoubtecUj been seen, first 
bj Mr. Lassdl, with hia great reHeetmg telesoopsi, in Oefober, 1846, soon afbsr the 
disooverjr of the planet. It was afterwards seen by M. Otto Struve, at Pulkowa, and 
by Profi'Rsor Bond, of OamWitlfjc, U.S., througli the largo equatorials of the.w two 
obfiorvutories. Theso instruineiits arc the largest at present mounted, the object-glasses 
in each having a clear aperture of tiftoen inches, the focal length being twenty-five 
Ibet. At one time a auapicion of a second satdlite, and of an appearance simitar to 
dw rings ni Saturn, was notioed by seretul astronomer^ but it has not been oonfiimed. 
Mr. Lassell, who carried his superb twenty-foot reflector to Malta, to take advantage of 
the olf-ar skies of southern Tuiropc for deciding some of ihvse dclicnto points of 
astronomy, has since (leelnred his conviction that we have no authority to say that 
Neptune has more than one satellite, or that the supposed ring has any existence 
whatever. 

Neptune and Uruuu have been several times observed aa fixed etnis. Unmua 
was seen at the Roj'al Obserratory so far back as the time of Flamsteed, who Kcorded 
its position nt least on !?ix oocasfons, not knowing at the time that it was a planet. 
Dr. Bradley, at Greenwich, also .«aw it In and 17.")0. Neptune was unconscioiisly 

observed by Lolondo in 1795, and by iJr. Lamout in 1840 and 1846, before its discovery 
was announced by Dr. Galle in the latter year. As viewed with the transit-eirde at 
Greenwidi, Neptune appesxi aa large aa an oidinaty star of the seventh and a half 
magnitude. The intensity of its light is however muoh less than that of a »tar of 
oorreaponding size. 
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" Fust thou ne'er seen the Comet')i flaming fli|(ht i 
Th' iUiutriotu itrmnger pnaiiig terror ahcda 

On guing ostlims ; from his ffpry train, 
or length ennrmous, takes hi.^ ample round, 
Thruugh depths ut' cthir ; t^^Mui^ti uniiumberad worlib 
Of more tban solar glory ; doubles wide 
limren's lltl|^t]r c«pe ; »ml then revisit* Eurtll 
Fratn th« loQg tnvel of k tliouMDd jetn.** 



ROM the earliest ages, comets have been regarded with a superstitious awo 
which has never been attached to the planetary members of the solar system. 
Louis the Fiist of France was so much alarmed by the up|>earance of one 
which became visible in the year 837, that he felt it necessary to satisfy his mind 
■nd to appetne the imXk of Heaven oidering the oomtradloii of a numtier of 
ehiirohM and. monaiteries, which hia wamSmoe told him ha had hitharto negloeted. 
It h related by Gibbon that *'m tiie fifth year of the reign of Justinian, a.d. 531, 
ami in the montli <><' Septeml)pr, a oonipt was seen daring Iwculy days in (ho we!<(oni 
quarter of the heavens, and which shot its rays into the north. Eight years utter- 
wards, while the Sun was in Capricorn us, another comet appeared to follow in Sagittarius ; 
iha aiaa waa gradually incnatuig; tho head waa in the east, the tail in the west, and 
it remained -viaihla about forty &ya Tk» natioiu, who gand with aatontshnia&t, 
expected wars and calamities from their baleful influence ; and these cxpcctationa wen 
abundantly fulfilled." In 1456, at u time when Christ ianify was sfruj^i^lincr nguinst 
Mohammedanism in Eustera Fiurope, the appearance? of a j^reat e iniet, wliieli h s^ been 
ttiueo identified as that of tho celebrated periodical comet of llallcy, excited ihe utmost 
oonatematioa in Bome^ where it waa regarded aa a portentous sign of approaching eTiIa. 
Pope Oeliztna III. therauptm ordenid pimyeia to be laid in the chureheB, and the bdlo 
to be rung daily at noon to call upon the inhabitante to supplicate the Divine 
protection during the impending calamity. Tho prop^^ss of edtication since the time 
of the Kcforination in Europe has very nearly banished these superstitious fearn from 
the mindu of ail classes. These occasional viaiturs to our skies are now so uuiver^ily 
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known to uppcar to xa ham natural causes, eatoly ezpldned, that even the moHt 
hrillinnt of ita class may visiMc fDj- montliH— the romct of ISll fr.r (•X!iinple--nncl 
yet the only escitenient that nmy Le nolitcti iii the p<i]iular mind is that of extreme 
pleasure and delight at witne^ing the progruss of the wundt-rer across the heavens. 

Comets, next to meteors, are the moat unmeroua of all the bodies whioh revolvo 
•round tiie Son. Hr. Hind supposes tW, since the Christisa era, upwsrds of fear 
thonssnd have approached the Sun within the orhit of Mara. Of this number, obsenu* 
tions of 607 have been made in Europe and Cliina up to the middle of the present 
(•entury. The frrositer number of them have bteu visible to tlie naketl eye, the telescope 
never having boon much used in scurciiiug fur them before the middle of the latit 
oentniy. Small telescopic oanuts are very oommon, and a year acareely ever pa^sea 
away vithoni two or three, and sometimes more, being disoovered. In short, although 
the general public are not awn re of the foct, astronomers have usually one or more 
of those faint bodies on their list of obserrablo ohjeets. 

The luad, or niuleiis, of a Inrg^e eoniet has iiio.MtIv n central condensation of li<^ht 
surrounded by a nehuloitity mure or less luminous. When viewed through a low- 

power telescope this nucleus appears tdenUy well-defined, with a lUnt nebulous tail, 
geaersUy of sevwral degreea in length, streaming into space in a direction opposite 
to the Sun. When, however, a powerful telescope is employed with a hij^ier magnifying 

power, the nuclei of no two comotu are similar, and evi-n that of the same comot will 
change from day to day, and sometimes from hour to iiour. Cliauges have even been 
noticed while the nucleus has been under the eye of the observer. 

Comets perform their joamcr|r around the Sun in very eooentrm orbits inclined to 
the eeliptie in aU direetions. The tinm occupied in their ravolutinn is veiy diffiireut. 
The greater number have what is called parabolic orbita, which show that their 
motion durin-; the time they have been under observation forms a part of a parabola. 
In these cases the period of revolution may extend over huudrods, or tliousands, of 
years, and any prediotion of their return is uncertain, but there is some probability 
of tbdr reappeaianoe at a distant period. Several have been observed to move in 
eJIipoBs, and a few in hyperbolas. Comets which move in ellipses must return periodi- 
cally at epochs more or less distant. M(»8t of the bnlUant comets which have been 
remarkable hove parabolic orbits, that pr(>di< te<l by TTalley to nppear in 1759 being the 
only exception. The periodical comets are generally teh seopie ; mo faint are th< y t^i it it 
requires the greatest skill of the observer to detect them among the stars, und when 
found to fix their positiona. They are, nevertheless, much more interesting to the 
astnmomer than some of the grsadest That known by the name of Eneke's comet 
is peculmrly so. This object was observed on several occasions between 1786 and 1818 
with the belief that in eai-h year a different comet had been observed. It was not 
till after the discussion hy M. Eneke of the observations made in 1818, that it was 
proved by that astronomer that this was a comet of short period, and that it revolved 
around the Sun in aa eeeentric ellipse in little more than Uiree years. In 182% 1825, 
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1828, 1832, and at regular intervals up to the present time this little filmy object has 
returned to its perihelion, or nrarf!*t distance to the Sun. At those times it has always 
been eagerly sought lor, and its urbit has buen cuuiputed, so that its motion in spaoe 
ia now known wi&i naoAy the nine accuracy as that of an ordinary minor planet. 
There are aeTeral other comets of short period whoae orfaita are folerahly well known, 
as those discovered originally by iFM. Faye, De Vico, Brorsen, Winnecke, and Bicda, 
all of which are faint telescopic objects. That of Biela is remarkable for having 
divided itself into two comets, since which it ri]>prars to have been entirely dissolved. 
Thia comet had faithfully returned, according to prcdiotion, on several occasions, but 
in 1865, when iti reoq^eannoe was cspeoted, no trace of it oonld he aeem even in 
the moat powerful telescapea, HaUey'e oomet, whose period ia nearly aerenty-aeren 
years, has been so well observed, both in 1758-8 and 1835-6^ that its return in 1912 
may be looked upon as a matter of certainty. 

.(Vltliongrh tlie periodical comets are so peculiarly interesting to the n^fronomical 
observer, yet it cannot be denied that the popular interest rests entirely in favour of 
that dasB which has a more srauatiooal appearance. The astronomer also tekm this 
opportnnily to observe the varying £mns of the nndms, and to detemiino, if possiUe, 
the nature of its physieal composition. Wo have ronarkcd in ft preceding chapter 
that the spectroscope has enabled Mr. Iluggins to oks^-rve that the spectrum of a small 
comet, discovered in 18GS, is coincident with that ]iroduee<l by the combustion of rarlwn. 
How such a material shoiUd composo the head of a comet is ditticult of explanation, 
and must remain for the present a matter for future research. On the next appearanoe 
of a brilliant comet, it is expeeted that the analysis of its light by means d the 
q)ectro.s( opc w ill add considerably to our present imperfect knowledge of the oonsti* 
tut ion of these bodies, which have thus been proved to ahine by their own ligh^ and 
not by the reflected light of the Sun. 

The most remarkable comets which have appeared during the present century are 
those of 1811, 1843, 1858, and 1861. That of 1811 was situated in a very fevouraUe 
positkin for observation, having hem always above the horison of Great Britain daring 
several months. It was first detected by M. Flaugucrgucs on the 2Gth of March, 1811, 
in the south of France, and it remained visible until August, 1812. It was at its 
greatest brilliancy about October, 1811. At this time the length of the train of nebulous 
light was upwards of one hundred millions of miles, and its breadth about fifteen 
millions. It was remarked by M. Barckhardt that the tail was not immediatdy 
eonneeted with the oome^ bat Hbat it finmed, at aome little disfanoe from the nvdeus^ 
a wide belt, which girded the nucleus in the same manner aa the rings of Saturn. The 
colour of the head appeared to be greenish, or bluish green, giAang rather a curious 
olTcct. Sir "William Hersehel noticofl that lliore seemed to be an accumulation of 
matter towards the Sun ia the head of the comet, the diameter of which was about 
one hnndred and twenty-seven thousand miles. By viewing the comet with a night- 
glass of low power, Bir W. Uersehel found the tail was generally indoscd at the aides 
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by two condensed streams of light. Boing very near tho Milky Way, a compuriaou 
ti ike eomal irith « porthn of fliat lumiiunii stnita& when no »tan csn lie wen hy the 
naked eye, showed that the two were of equal rdatiTe brightneta. 

The oomet of 1811 was supposed to have had a considerable influence cm the weather 
of that ytHTf and upon tbe bountiful harvest and vintage, which appear to have been 
almost universal. Even now we often hear a reference made to tho celebrated comet 
year, and >\ ine.s liave been fiold at unusually high prieos on account of some favourable 
influence produced by this popular comet. Other comotci of later yeard huvc, however, 
been r^ted to have bad mnakir ufluenoes on the weather and the fivitfiilneai cl 
agrieultond produoe^ It is not always agreeable to espress any doubt of the tnlQi of 
some of the most popular beliefs in tho supposed influences of tho licavenly bodies on 
the atmosphere of the Earth. I3ut it is nevertheless a fad, Jetcrmined from several lon^ 
series of observations, tliat neither the Moon, planet.s, stars, nor comets, ghc out sufRcieut 
beat to affect tho most delicate mercurial thermometer yet constructed, and tliat any 
supposed influence wbicb they may individually havo upon tho weather is only a popular 
ftUaey resting <ni no real Ibnndation. It is a well-known metsordogical ftet that tbe 
aammor of 1811 was moie tban usually bet; bat (bis oooaeidenQe with the appesnnce 
of a great comet can only be assumed to be accidentaL The following lines by Hogg, 
the Ettiiok Shephetd, refiar to the appesxenoe of tbe nagnifleent oomet of 1811 : — 

"Sttngbt «r htma, I liid tim luril ; 

Slirod from tlie |taU of glory tiim^ 
Tluit flMbett in celedtial gale, 
Bmd paoBon of tbs Kiag of hama. 

*'Wlute'«r portends thy front of fire, 
And ttnuniiig locks so lordy pale ; 
Or pcaoB to aus, or jud^fumts 
Stnogsr «r imna, I bid thw hafl." 

Tkm who wftaMsaed lihe grasfe oomel of 1843 generally agrco that H was Urn 
finest seen in the present oentuiy. Its fbll brtllianey was not wUb in northern 
latitudes, where its luminous train first attracted attention while the nudens was below 

the hon'jion. Tlio tail was at that tijne, March 17th, about for^ degrees in length, 
stretching from the horizon over the south-western sky as far as the con.stellation 
Lcpu.s. Great excitement wm caused by the sudden apparition of this )<<i^^ train of 
nebulous light, vvhicii iirst was taken by some observers as belougmg to the 
aodiaoal light, whkli is generally most nsable in the west soon after aunaet at tins 
ttme of ih» year. Throughout the southern bemispbere this oomei presented a 
qJendid appearance in the first days of March. Allhough tho nucleus was not of 
great magnitude, yet it was extremely bright, and distinctly coloured; according to 
some observers, of a golden hue, similar to that of Venu.s ; and according to others 
it was tinged with red. The disk had a well-defined plauetury appearance, and was 
estimated to be about 4,500 miles in diameter, or rather more than half tho size of 
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the Bvth. Sir ThonuM Maclcar^ Governniflttft A«troiMin«r at the CWpe of Good nopc^ 
obaenres Ihat "of tbe casual obiservatory plienonena, the grand oomet of Mardi takM 

precedenre ; and few of its kind luuf licon m splendid and impwino'. T rcmcmVM>r 
that of ixil; it was nut half ?<> l>rilliaiit a-* tlio Itito one. Iramerstxi iu the ravines 
of the Cuduibcrg, with higli uml prwipilous raiigea on each side of me, I made 
gtronvous «flbrto to tetch ibe S&ewberg atatum, to oomnumd a Tieir of the auddeu 
Tiaitor. Tkoae iiiia«qiinttted vitii the chuacfeer of the Gedarberg «aiiiiot foim « 
Oomoeptioa of the difficultie* I had to encounter. For seventeen days we toiled on, 
tantalised eTer\' eveninfr by seoinp a portion of the tail over the mountain toj).^, and 
Boraetiuies it si^'lit uf ita bright lu-ad, as ojM^niii^s in the mountains ptrinittt d." The 
intrinsic luatru ui' the nucleus wiui so great, that the comet waa seen iu lull daylight, 
whea «t a ahort distance fkvm. the Sun, by MToral obaervefa in different paita of the 
world. Mr. Hind Mmarke that, "aoootding to the maafe tnutworthj ealonlation^ the 
perihelion distance was only .5.'i8,500 miles ; therefore the centre of the oomet WOUld 
he distant from the lurfiucc of the Sun's plobc ks-* tlian ftO,(iOO miles ! " 

Tlic prtat comet of 1^*58, knowu as Donati'^* toiiut, waa visible to the uakc<d 
eye iu northern lutitud^^i during at least six weeku, uud, ud u telescopic object, much 
longer. It was first aeen hy M. Boneti, of Florence, on the 2nd of Jone^ when it 
woa very &int. For some time it gave no indioatiom of ^'"""-^g the efjUndid 
object which it presented fmm the middle of Scptmaber till the second week in 
October. On the 2".rd of September, tlu> Moon hc'm^ nearly full, the head of the 
comot nppranxl al>out ct^ual to a star of the first magnitude, and was clearly visible 
half au hour after sunact. The greutciit length of the train was observed on 
October 10th, when the main attenm of light could be distinguished timragh an arc 
of axty degreec, eqnal to about fifty milUoaa of ndka, the Iweadth of the widest part 
bemg about ten millions. Although the comet of 1858 has besn surpassed by others 
in mnj»nitiulo, yet the intensify of its thu-Ipu-s will Iwar eompanson with any previously 
observed comet. The nebulosity surrounding the head of the comet of 1811 was 
oonsiderably larger; but including all the attractive fcttturee exhibited by Donati's 
eomet, the pc^ular interest evinced by the appeamnce of the two aj^eara to have been 
about equaL It was fiwtunate that dnring the time whan the oomet of 1868 waa near 
the star Aretlim% which waa cn\t'h>]>i d in the tail on October 5th, the Moon waa 
absent from our evening skios. The ofifect of inoonlit;ht would have htvn to ctit 
off nt least two-thirds of the train, a!ul a Inrffc proportion of the bri^^htueiss of the 
remaining third. The tail was subject to couhtuut chaugeis of foim. It was sensibly 
enrved, and it had the appearance of an osMch feather being gently carried through 
the air by the hand. At one time the train was bifureated, iasoing feom the head in 
two unequal streams, forming its tw^o si les, a dark sjmce being left between them behind 
the nucleus. This dark space is dclineati <l in niosl of the Liter leleseopie drawings of 
the comet. On the Olh of October, when at its greatest hrilliaiu y, thi extremity of 
the truiu reached the two southeruiuost stars in the tail of Ursa Major, the head being; 
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in Bootes a few degrees eonth of Areturus. Betveen the ISUi and SMHih of Oetoiber* 
tho comet ceeeed to be obeerred in EiUDpe end North America. It waa fixat eeen in 

iho lOuUiern hemisphere in the second week of October, aud telcscopio obeerrationa 
were continued at the Capo of Good Hope till the 4th of March, 1859. 

The telescopic appearance of Donati's comet was remarkable in consequence of the 
coutittuul changes which the nucleus and envelope were undergoing. As seeu in one 
of the telescopes at the Royal Obscrrutorj on October 2nd, at 7 p.m., the uudeva 
presented a bright stellar point surrounded by an annnlos of light* about four times 
ila diameter) oonddeiably fiunter than the nucleus but brightw tiian tho geneial 
envilopo, and about two-thirds complete. The Astronomer Royal divided tho head 
into the following? parts : — " Ist. The parabolic c nrolopo and incloswl illumination. 
2nd. A brighter flat circular disk laid upon the inclosed illumination, ju.st touching 
the parabola at ita vertex. 3rd. A still brighter, Hut, circular disk, concentric with the 
last, about ono^burlik of its diameter ; no bright ring. 4tb. The nuideo% oonosntrie with 
the last) about one-third of its diameter, well-definedt and looking Tery hard. From iho 
nucleus a dark shadow diverged* cutting off fbo light of the circular disks, and 
everything except the nucleus ite<.L'lf." On October 3rd, sereral of these appearances 
had considerably rhano^cxl, the inaiirr composing the nucleus and enTolope being 
evidently in a continuui state of local excitement. 

The orbit of this comet hus been most accurately computed £rom tiiu uumcrous 
obsenrationa made in "Eaxopt and North America. It seems to show that this is a 
peario^cal comet, but how £» it goes into space in the imtarval during its absence 
from 113 no one can toU. It is^ however, expeeted that in two thousand years henoe^ 
if nothing unforeseen happens to it, it will return once more to it« perihelion passage 
aroimd the Sun, when it will again adorn our sikics. Meanwhile, many years will 
probably elapse before the romenibranro of this beautiful celestial visitor will be erased 
from the memuries of all those ul' tho prctjeut generation who were so fortunate oa to 
witness it 

The oomet of 1861, although loss attractive than the three just desoribed, was a 
very interesting object. It waa discovered in Europe low down in the north on tho 

evcnu!'^ of June .'50tli, by several people. M. Secelii first took the ininieu.se train of 
light lor the sraokc of fireworks, wliieh they often have at Rome on tht> I'esti^fil nf St. 
Peter and St. Paul; but ho soon perceived that the light continued, when ho judged 
that it must be a comet, although the head was too near the hfaism to be weQ 
observed. About midnight on the same day it was seen at the Boyal Obaervatory, 
Greenwich. The telescoino appearance was generally observed to be sulgect to similar 
ch!in|>os to those noticed in former comets; the nurleus wm liowever, somewhat 
elliptical, its light nearly c'lualling that of Saturn. It was well dciincd on all sides, 
but on tho side nearest the Sim it wns less sharp, jets of retldisli light start iitp^ 
from its edge in the form of u un. It is a remarkable fact ihut uu the moruatg of 
June 29th, the Earth was very near the extremity of the tail; and Mr. Hind baa 
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snggwtod that a peculiur illuniinatian of iho nUy whioh lie noticed about tune 
vfoa po^>il)1y " uitrihuUiblc to the commingling of the matter fiMmiing the toil of the 
comet with tlio Karth's atmosplicre." 

Although the great coiULt of 18G1 waa not visible in Europe till the eveuiiig of 
the kst day in June, yet a yoimg amateur astronomer, Mr. Tebbutt, of Windsor, New 
South Wiolcfly saw it eo early as May Idth. The tdeBcofno appeanmce of thii eomet 
tvM remarkablo for iho namerous je ts of light thrown out ham the nnoleoa. An 
example of thi<; is exhibitoti in the woodcut on page 281. These jeto of light were 
very di>*iiii t, and often varic^d in form in fh^rt intervals of time, even while the eye 
of tho observer was directcfl to them. The Kcv. T. "W. Webb, referring to the ditfercnt 
envelopes which were exterior to the nncleua and jots of light, remarks: — "The 
number and complex arrangement of tibeae lominons Teila on June SOfli, as aeen 
in the comet eye-piece, with a field of about 62' and u power of 27, produced a 
singular as well as magnificent effect ; it was as though u number of light hazy 
clouds were floatinir around a miniature full ISIoon. Portions of six could bo moro 
or less distinctly traced. The innorniufit of these was very narrow and short, faint 
on the left baud, but brighter on the right, in tho inverted view, and coming up 
eloae to the nudeua. The second was a parabolie arc in which the nudens atood." 
On the next night of ohaervation, July 2nd, the envelopaa had ooluidetaUy dianged, 
hut they atill retained their general form. 

From a comparison of eomo drawings of tho comets of and ISCl mado at 

the lloyal Observatory, the comet of 18-08 is the moro attractive of tho two with 
regard to their general appearance; but that of 18C1 is tho uuffe interesting as a 
telesooino object^ so fiur as relates to the continual and ftntastio changes in the form 
of the nudeua and the numerous jets onana^g firam iti 
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W\v< f'lrfljwith from tlie f:1itt<rii)g stuff nnfurlnl 
Tlie iiiijvriiil ciuijgu ; Hliich, full mlvaiio'il, 
Sbooe like ii nietior gtroiming to the niml. 
With gBOM ind golden liutra ridi iablacHi 
Stfraphie hidb and tnifilikik'' 



PERIODICAL METEORS. 



iOPULAR attention lia.s bti'ii directed to these minute cosmical bodies during 
the last few years, owing to the appearance, aocording to prediction, of the 
memorable 8tar*8hower which interested ao many on the itight of November 13th, 
186G. The thousands of lumiuous particles of matter which were finally destroyed at 
lliat time^ hy oonung in owlMt wiUi the Eutia'i atmosphere, aeenwd to ham made no 
u ttpw w k w OB thfiir mmben^ far ob the correq^ondiag nights in 1867 and 1868 
a repeCitioD of tlie displaj waa obwrved in various parts of North America, and in a 
less degree in other parts of the gloln'. Tliere is no doubt whatever that the 
memorable stream of meteors which crosses the Karth's path iu NovenilH^r, ct)nsist.9 
ol uuliions of these objects; and it is possible that during the progress of the 
prmdpal part of Hie itieam in ita eome aionnd tt» Son, « fiur graoter auniber are 
ftnaed than thow aattingnwhad hj oombastioin in the Earth's atmoi|iheMb 

One of Ihe first who drew particular attention to the great display of meteor* 
''which was expected to take phico in November, 1866, was Professor H. A Newton, 
of Ynic Cnllf n^e, Newhaven, U.S. This gentleman contributed, in the yinir IHVA, two 
remarkable pajxrs on "November Star-showers," in which he gave a determination 
of the length of the meteoric cycle, the annual period, and the probable orbit around 
die Ban* Though hii final xeaults hare now been eoDndecably modified by subsequent 
obeervatkni, yet to FtafeNor Neirton hekngs the honovr <tf being the fiist penoa who 
ekarlj demonstrated the periodical nature of theso minute bodies, by the publication 
of approximate elements of the supposed orbit of the November stream. Some idea 
may be gatheretl of the difficulty of the problem midertaken and developed by 
Professor Newton, and afterwards by other mathematicians, if we quote tho following 
wovda of Hamboldt:— "Although the aateroid swarms approximate to a oertam 
degree^ in their inconsidenible mass and the diTorsity of tbw oibiti^ to oomets* they 
pveaant this oseontial difference firom the htteir bodies, that our knowledge of Iheir 
cxistoioe is almost entirely limited to the moment of their destruction; that is^ to 
the period when, drawn witJiin the ^ere of the Earth's attraotion, they become 

luminous and ij^iitc." 

It will probably be interesting if we give brief notices of a few of the principal 
antheotio November star^ahowem. It is llrom these data thai the first approadmation 
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of Ihe period of revolution of this Gotmiical ring boa been obtained. Jfost writers 
on this subjfct have uln-ady alludwl to these phenomena recortlwl here and there io 
old histories. We do not, however, hesitulc to reproduce one or two of thera once 
more. The years in which rtn'ortltxl November star-showers look place, are 902, 
931, im, m>, IIOI, 1202, 1.'}()G, 15;J3. 1C02, IGIKS, 171)9, 1832, 1833, 1866. 18ti7, 
and 1868. Cond^, in his Ilixtonj of the Domiinon of the Arab* in Sjuiin, mentions 
that on the death of King Ibrahim bin Ahmad, in tlie year 002, about the middle of 




MCTSUIUI NKAR THK BADIANT I*UINT IK LCO, AM MKRN ril»M THR KOTAL OBNRRVAIVtUT, OKKKSWIrU. 

October, o.s., " an infinite numb'^r of stars were seen durinj; the nifjht, scattering 
themselves like rain tu thu right and left, and that year was known as the 
year of the stars." An Arab writer relates of the same phenomenon that *' in this 
year there hnpjHMied in Egypt an eartlujuake, lasting from the middle of the night 
until morning ; and so-colled flaming stars struck one against another violently 
while being borne eastward and westward, northward and southward; and none 
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oouU bear to look towurdt the lieavens." These aooounte from IfduunraedHik aoanm, 
though beariiig evident marhs of Buperatitioii and eiaggerated oiiaervation, are 
■uffioient to show that a profaabty uniuual meteoric display took plaoe in the year 

indioated. 

We have another Mohammedan record that "in the year 599 (ah. 1202), on 
the night of Saturday, on the last day of Muharram, stars shot hither and thither 
in heavens^ eastward and wcatward, and flew againet one another* like a 
scattering swarm of loctista, to the right and loft. This phenomenon lasted until 
daybreak. People were thrown into consternation, and cried to Ood the Most High 
with confused clamour ; the like of it never happened except in the year of the 
mission of the Prophet, and in the year 241." 

Any unusual celestial phenomenon, whether it be a comet, meteor, or eclipse of 
the Sun or Moon» was always considered in former ages as some omen portending 
good or evil to tJio nafum. This superstitious feeling is dsarly shown in an extract 
Crom a Portuguese work, Chionicajs do» Reit de Portugal R^fitnuadag^ 1660, relating to 
an unusual etar-shower, observed nearly three hundred years previously, " In the 
year 1366, and xxii days of the month of October {u.».) being past, there watt m the 
heavens a movement of stars, such as men never before saw or heard of. From 
midnight onwards, all the stars moved ftom. the east to the west; and, after being 
together, th^ began to move, some in one direotion, and others in another. And 
afterwards they fell from the sky in such numbers, and so thickly together, that 
88 they descended low in the air they seemed large and fifry, and the sky and the 
air seemed to be in flames, and even the Earth appeared ready to take fire. That 
portion of the sky where tliere w«ro no st&rs, seemed to he divided into many parts, 
and this lasted for a loog time. Those that saw it were filled with suoh great 
fear uid dismay that they were astounded, imagining they were all dead men, and 
that the end of the world had come." This apparently iinprobublo account of an 
extraordinary etar-shower may be sensibly correct if wo us^umo that tliis great 
meteoric display was accompanied by a coloured aurora, the streamers of which, with 
very little imagination, might be suggestive of fire. 

It is not necesmry to notice any more of these ancient mefeorm showerSj excepting 
only to state that the dates have been satiActorily proved, and that they have done 
good scmVr as data for modem calculaf ions. 

Of modciTi displays, Ilumboldt's description of that nf November I'Jtli, ]7'.i9, as 
seen by him and M. Bonphmd at Cumaua, South America, is well known. liuring 
four hours tiumstnda of fiJUng stam were noticed. M. Bonpknd atatea that there was 
not a ^aoe in the firmament equal in extent to three diametMns of the Moon, thai was 
not filled at every uutant widi hoUdM and filling stars. The meteors were visible till 
sunrise. The same atar-shower was observed aft Other places in fiouth America, somo 
of thpm distant 700 miles from Cumana. 

Our illustration gives an idea of this ej^traorduiary dupiay us witnessed by Mr. 
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Andrew Ellioott, at bm, in lat 36" N., off the oobbI of Florida. He baa leooirded bis 

obsenations in bis journal as follows : — " NovemlMff 13th, 1799, ubout 3 a.m., I vaa 
called lip tu pco tho shooting of the stars, ns it is commonly called. The phenomenon 
was gnmd otuI nwftil ; the wholo houven ai)[>i aml as if illuminated by sky-rockets, 
which disappi'4irtHl only by tho light of thu 6uu tttlcr daybreak. Tho meteors, which 
at any one inataut of time appeared aa nnmeroaa aa the aCais, flew in all poamlils 
diMCtknur except from the Earth, towarda which liurf ill incUned warn m iBee.** 

This shower was visiblo partially in England and in Qroonland. In November, 1833, 
Mr. Olmsted and another observer nre said to bavo observed at Icuft 2(0,000 meteors in a 
period of niuo hours. The wonderful exhiiiitiun of falling stars in the year was 
quite, if not more remarkable, than thai of 17UU. Major Strickhmd, in u work published 
twenty yeaia afterwardN, entitled Tice$ttjt-$eten Yean m Gmada Wat, girea a moii 
gnpluc aooount of this memoKahle atar-ahower aa f!»llows : — 

"I think it was on tho 14tli* of November, lHIi3, thot I witnessed one of the most 
splendid .sjH'ctacdcs in tho world. My wife awoke Tiie iH^twccn two and three o'clock 
in tho inoniin;^ to tell n»u that it lightened ince*Miiuuiy. I imnitdlately arof*c and 
looked out of the window, when I was pcrf(x:tly dazzled by u brtlliuut display of 
ftlling Ntaxa. Aa this extraoidinaiy phenomeium did not disappear, we dressed oursaLTea 
and went to the door, where we ooaiintted to watdi the heautilul shower of fire till 
after daylight. These luminous bodies hecame visible in tho zmith, taking tho north- 
east in their descent. Few of them nppfvirefl to bo of lesser size thnn a star of tho 
tir^t niagnitudc; very many nmong theiu seemed larger than Venus. Two of them in 
particular appeared half us large as the Hoon. I should think, without exaggeration, 
that seveial hundreds of these heautilul stara were visiUe at ihe same time, all frUing 
in the same direetim, and leaving in their wake a long stream of fire. This appearaneo 
continued withont intermission from the time I got up nntil after sunrise. No descnptinn 
of mine can give an odoqimte idea of the mnpfnificenco of this Rcene, whiih I would 
not willingly have missed. This remarkable phenomenon occurred on a dear and 
frosty night, when the ground was covered with about an inch of snow." 

It must be understood that the small ooemioal bodJea compoeing the November 
ring of metsflTB move in orbits^ whkli out the plane of the ediptio near the point 
occupied by our Earth al>out the 13th or 14th of November, and, consequently, can 
only 1k! seen yearly about these days. And it mtist also be borne in mind that tho 
smaller showers of meteors which are frequently observed at other periods of the year 
belong to a collection of meteors also moving around the Sun in orbits, inclined, at 
diflbrent anglea, to the eciliptio, eadi forming a system diffiarent from eaoh other. In 
short, it has been found from observation that there are soTeral of these rings or 
systems crossing the Earth's path at different periods of the year, but the November 
and August meteors are by far the most numerous. On these occasions, meteors 

* Til pruiciinl diqiligr took phM oa tiie aMnlng of Kovcmlxr IStb, IVSA. This data b tiMNliin «ae 
dkj in error. 
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Iwoome lummons owing to the gnat he«t developed by friction produoed If tfie 
enonnons Tvilooify with iriiich they enter the Earth's atmosphere, wliere thej hurn 

for • ieomd or two, and uro then finally dissipated into smolvo or dust. 

On account of the npptirrnt rapid mofion of meteors, tho only satisfactory' 
obsorvations made during great displays are those lor the determination of the p<iiiil 
in the heavens from which they radiate. This apparent orbital velocity is ascertained 
to be about thirty-eight mOea a aeoond, made up by the com p o un d efiSoct of the 
noTenwnte of tho Earth and the meteoia in their napeotiTe orbil«) that of tiie Earth 
being direct, while that of the meteors is retrograde. But wheOj as in the case of the 
great periodical showt is of November, the obeerver is eiiablixl to multiply his observations 
almost to an indefinite extent, this great vekxity does not materially interfere iu 
obtaining a correct determination of the exact position of tho radiant point. On the 
accuracy of our knowledge of the position of tbia point almoat eveiytbing depeoda in 
the oahnilation of the dimeiuiona and poeition in apaoe of the meteorie orbit. It dim 
nott howeyert require a practifled aatronomer to notioe that» in auch a display aa that 
of November, 1866, the majority of the meteors emanated from one spot in die heavens, 
for that was soon rvident to the spti'M's of the most casual observer. Tt is found, from 
the average of tlie obscrviitirms made in tluit year l>y several astronomers, that the 
exact position of this radiuut poiut of the xSoveiubtr meteors is Hi)" 12' of right 
asoenaiimf and 23* V of north dedination. Any person having aooeaa to a oeleetial 
globe or map, can identify for himedf thie position in a momentw He vrill eee that it 
is situated north of Begulus, between the well-known stars Qamma and I^tailon Leonia. 
From this accurately-observed radiant point of the November meteors, much of our 
present knowI<Hlge f)f the movement of tbesie Iwdies is derived. It may bo mentioned 
here that the radiant point of the August meteors is situated in the constellation 
Perseus. Of meteors in general, about sixty radiant points have been dotormined with 
more or l«aa certainty: some of these have, however, been in&rred from iaolated 
observatiooa of meteora noticed of the same day in dxiiBrait yeaze. In a great aumber 
of cases the general radiant pointa are nearly aa well detmmined as in the older and 
better-obsei vod showers of August and November. 

As an illustration of tlie pains taken for the fleterniinution of tlio radiant pM>int, 
we cannot do better than record the notes of iiir John Herschel : " During the superb 
display of meteora on the night of the 13th November, 1866, my attention was particu* 
larly directed to the determination of the nact situation in the heavena of the radiant 
point of tibeir otmzeea, whieb baa been cimunonly stated to be odncident with l3uA of 
the bright star Gamma Leonis. This, however, was certainly not the case; and I am 
enable d to a ,,- wnth perfect confidence that their courses divorgfed, with a very remarkable 
degree of agreement , froui a poiut considerably higher iu declination, and less advanced 
in right ascension. . . . Several circumstanceti enabled me to tix on the point with 
full assurance of its being the true radiant: First, the frequent out-ahooting from 
a very near proadmity to it» and once in several dif&ient directions, of a ToUeiy vl 
m 
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meteon. Seeondly, on two or three diatiiict oocBrianB a meteor Appeared in thie yery 

point, and in all these cases it was motionless, devoid of a traiii> end, on its extmction, 
left only a bmall nebulous light to mark the place of its appearance. Thirdly, on one 
occasion, a melwr shot tbrth horizontally at a distanct; of about six or tight cko-rwa from 
the radiant, and disappeared after running a very short course, leaving a vaporous traiu 
whkh oontin«ed Tinble (fading gradually away) for 8"> 40*; Haa affitrded time tot 
tnMing bode the dueetvm of the train (which did not elter), and its ooime^ continaed, 
paaaed throogh the ipot in qneetion." 

The oVkSpfvationa spem to show that the trxic line of direct ion in space of each 
meteor's flight lies in au opposite direction to the Earth's path, and that thu mpt<H)ric 
orbit does not deviate to any great extent from a circular form. The absolute velocity 
of aetoois ii therefore neerly that of the Barth in its orlnt, the direetitm itt UkA 
lOTolQtuin being retrograde. Their motioii it thus independent of that of the Earth, 
meteors being in reaUtjr excessively stnull planets revolving with the same regularity 
as the larger planets around the Sun. 'J'liis conilusion h confirmed by the fact that 
the two principal radiant points at the August and Nov ember e])(xhri, are precisely those 
to which our globe is directed in its orbital revolution at these dates. 

A question has been asked, that if there be a ring 4^ these small oosmioal bodtss^ 
haw u it that we only psas thioogh the stream oooe in thirty*thfee yeorsP Now, 
although we use the word "ring," it must not be supposed that the meteors are equally 
distributed along it ; on the contrary, it is known that the principal agglouierutiou of 
these bodies takes placse only in a limited jK)rtion of this ring, and tliiit conijiaratively 
few are situated in other portions of it. As the times of revolutions of the Earth and 
metecna are not idenlieal, thmi, m one year, the Earth would pass through the principal 
portion oS the stream ; in the foUowing y«ar, thnragh a part where the meteors are 
more soattered; in the third year, where the ring is thinner still; this progression 

going on year af^cr year till tlio cvcle of thirty-throe years is completed, when the 
Earth will again pass through the principal porti<»i of the stream, and an unusual 
display will take place. 

With regard to the nomber of meteon ooonted daring the great shower of 
Nofember, 186^ mubh depended i^on the number of persona making the obserrationa. 
At the Royal Observatory, Greenwich, nearly nine thousand were counted ; and it is 
supposed that ut least anotlier thousand may have escaped the attention of the eight 
observers employed. At Edinburgh more than eight thousand were registered. At 
other stations the numbers reported varied only with the strength of the observing staff. 
Between 1^ a.m. and 1^ 15* turn, the principal part ot Che disphiy took plaoe. The 
average nnmben observed per minute at Ghwenwioh during the diqihy can be clearly 
understood by reference to the accompanying diagram. 

The star-shower of November, 1866, was confincHi generally to the eastern side of 
the Atlantic, while those of November, 1867 and 1S(>S, were seen to the best advantage 
in the Northern iStates of America. Of the numerous accounts published in the public 
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joonuli of the thoirer of 1866, fJie foUinruig extnwto frcm tboM of libe Bar. R. Ifaiii, 

Mr. Htxid, Mr. A. S. irorscbel* and ProfeHor C. V. Smyih, will bo sufTicicnt examples 
of what vrtxn fm^ h In difforont eyes on tlii« memorable night. The Kev. R. Main, Raddiffe 
Obeerver at Oxford, remarks that " this gnat display began about l^** (or 1 o'clock in 
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IMognm ■howiog the average number of meteurs per muiuU) ubacniHl ul thu Iloyiil Obsmatory, Greenwicli, 

OB die night of Hofimbsr IS— 14, 138S. 

the taoming) and reached its tnmci'ni'ini at about Vi^ 24">, after which time it gradually 
beguu to ilackeii. Hie watoh, however, was kept up till ISS though after IS*" there were 
not many meteors seen. In all, there were ohaerred nsA fewer than 3,090 dining the 
night, of whuA about %000 fell between 13^ and 141^, or between 1 u in. and 2 a.m. A» 

to the general appearance of the motoors, it waa noticed that the inajoilty of them 
were ol u wliitish or yellowish colour. Some, however, w i rv mhlinh or oi :iiigc-coloured, 
and one meteor was noticed to be biuisb. The brightest left gcnornll}- n train behind 
them, whiob wee to be seen Ibr a inr leoonda after the meteor bad disappeared. 
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" Id one particular instance, the train of a meteor was visible lor some minutes ; 
this was ft very bright meteor whieh disappeared in the IhAI of Orion, leating the 
trsin apiMwently ettsohed to Zeta Ononis, and priag to thai stsr the appesrattoe of 

a comot with a tail of nearly 3°, standing out at a podtion angle of nearly 135°. It then 
detached itself from the star, keeping up the same roijto as the meteor, h\d forming 
itself into a hall of faint comctic appearance of about 10' diameter, which grew dimmer 
and more diifuiMid, and disappeared altogether after a luptte of about 4*" to 5" at . a 
distance of nearly 1° from Zeta Orionis, at a position angle of about 200^ This meteor 
appeared at the time of the greatest display, at 13^ 24*. Only in two inatanoea meteota 
were seen to buia^ one in the east and another in the north." 

Mr. Hind made his observations at Twickenhanit assisted by three obserrmy 
including T)u Cliaillu, the African traveller. From the statement of ifr. Hind 
we find that "from midnight to 1 o'clock a.m., Greenwich time, 1,120 meteors 
were noted, the number gradually increasing. From 1 a.m. to l** 7** 5* no less 
that 514 were eonnted, and we were oonsoioos of having missed very many, owing 
to the rapidi^ of th«r aaooessiim. At the latter moment there was a rather sudden 
increase, to an extant which rsndend it impossible to count the number, but after 
l** 20" a decline became perceptible. The mminMim was judged to have taken place 
at about l** 10", and at this time the appearance of the whole heavens was very 
beautiful, not to sjiy magnificent. Beyond their immense number, however, the 
met«orb were not particularly remarkable, either as regards brilliancy, or the 
persisteooe of the tnias^ Ibw of whidi were raiUe more than three eeoonds : indeed. 
If. Da Chailltt ohssrved dwt in these respeots the meteors fell kr short of those ot 
the April period, which he had witnessed under a fine sky in equatorial Africa. From 
1" 52" to 2" 9"°, 300 were registered ; from S"" 9" to 24", 100 ; from 1** 42" to 5^, 
the number seen was 12, and these mostly laint; and from d** 45" to 6S only five 
were counted. 

*'No persons acquainted with the constellations, who carefully watched the display, 
could haTe any doubt as to the aoowMj c£ the astronosoical theoij rdatiTa to these 
bodies. The rsdiant in Leo was most strikingly manifested; while the oaeteors in the 
opposite quarter of the sky traversed arcs of many degrees, in the vicinity of the 
fli verging point they shone out for a few seconds without apprsciabLs motion, and 
might have been nionientarily niistuken for stars. 

"Several very vivid flashes of lightning were remarked during the night. The 
lanty at 8^ 54°>, was particularly hcittiant, of a deq» orange oolour, and apparently 
emanated bebw the radiant in Leo. The honaon in that quarter was ooaqned by 
» pole glow, resembling what has often besm lemaijked during the aurora boreolis." 

Mr. Herschel observed that "the majority of the meteors seen were iriuts^ hoi 
aoxne were of an orange colour. A largo proportion of the meteors were brighter 
than the fixed stars, Four of them were much brighter than tlip planets. Their 
vivid streaks of grceuLsh light, lasting on an average three sououds, but occasionally 
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Qmch hmgn, and extending from 20" to 40° in length, marked the tracks of 

many moteors, whose fli<,'ht would otliorvviso haTo paiised unnoted. From six to ten 
HfteakH could iu this iiianiicr Ik' luuiitt'd to;>fllirT in the sky at times when tlio 
tihuwer wus most iiileuae. At 1^ 16"^ a liighl ui' nix or eight meteors, for the mo:>t 

part brighter than tfi» fixed stars, started together from near 

whioh, by their muigo-ooloared light* and by the ctrong ennerald green atroaks which 

they left tM;liind theai« gave the iraprcssion of a burst of urtiBcial rockets. 

" Large meteors rippc;irr<l at 12'' 12'' 11" 2" 14", and 2'^ 42". The.sc meteors left 
streukn which endured Iroui tivc to fourteen minutoa. Each of the eccentric streaks 
contracted itself into a knot of light, which drifted, cloud-like, eight or ten degrees 
before it vaaiahed. The laet preeented an impoatng ring of flame!, three or four 
degraee in wid^ It remained TiaiUe for fourteen miniitee, gradually expanding 
itftelf into a hcari-shapod loop, until it ciioliMMd tiift bhief itan of Um Major in m 
wule funfastic wreath btfore it disappeared. 

" The meteors rudiutcd from the usual point of divcrgoDOe of the ahowor, and shot 
to all parta of the sky with a swiit and stately motion." 

The nnmben oSMarved by Mr. 0. P. Bmyth and thoee aaaodated with him, were 
8,812. He lemaifa (hat " the general eharaoters of these meteors were bright yeUow 
balls, like Jupiter or Venus for brightness, but attended by long trains of finnt and 
light-blue light; these trains usually lasted only from two to three seconds, were of 
an oxri<>;»erated long elliptical form, so ns to be neajly invisible close to the bright 
head, and to be broadest near the middle of their length ; and such broader central 
put of the train irflten remained abnndantly Tisifale^ long after Ihe head and chief 
pari of the length of the Irsin had entirely disaj^ieared : eo decidedly too waa this 
a inaieriiil fact, and not any optical impression caused by the overpoweruig Itf^htaess 
of the head during the time it wa.s visible, that often, on turning to a new part of 
the sky, the List expiring traces of such sliort central part of a meteor track M'ere 
seen, proving that a meteor had juiit paiiaLd that way, and had boeu missed by the 

observer. < Without knowing anything at all of the actual distancea of these 

bodras, thf^ gave the imprsssum of some etheresl description of rocket^ but endued 
with the speed of cannon-balls, and half their purity ] ili n 1 ne of them often 
followed anollier, second after be<"ond, for several seconds together, as if dischaiged from 
the otlier side of the sky at something iwsilive in the west, and with a determiuatioa 
to hit it too. One, and only one, case of directly retrograde motion was observed." 

The etar-shower of November, 1866, was observed in all parts of Europe, and 
even to the aouUiemmost portion of Africa. At the Oape of Good Hope^ Mr. O. H. 
Madear and one observer ixHmted 2,743 meteors. Some were of an orange ooilowr with 
long greenish trains; some a deep red; others without any train at all; forming, as 
Mr. Jlaclear remarks, "one of the most magniticcnt speetaeles that it lias been the 
fortune of man to witness." In A'ovember, 18(i7 and 1608, the number of meteors 
counted by obeerven in North America amounted to levent thoaaands. 
m 
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A word or two may be «pid «ai lihft obMrred heiglita of meteon. Daring great 
dflpkysy ihm u not very «mj to Moerlian, on account <^ the immenee nomber of 
obMmrattoiM making indiridiuil identification a diffieult matter. When meteoFB are 
ienm, many aimnltancous observations hare been made; for it ia necessary that the 
same meteor bo carefully observed in several localities, separatofl from each other hy a 
considerable distance. Tn November, 1866, fifteen iiu'ti>or.s were idciif iik-d us having 
been observed at llawkburst, bj Mr. Alexander Hcracliel, and at Cambridge by Professor 
Adami. The avenge height of these meteofs was aboot seventy miles. On August 
lOtht 1863, some CQTres poniiing observationa of this hind were made at Oreenmch, 
Cambridge, and on the south coast, from which Mr. ITerschel deduced an average 
height of eighty miles. These moleors atfructed the attcnlion of (he ohscrvcrs ott 
account of their extreme brilliancy. One of th^ was observed at Cranford, Middlesex, 
and at Ilawkhnrst with great precision. The beginning and end of its appjiritioii as 
wcU as its direction among the stars were recorded at both places, the resulting laight 
being aeventy^nine and fifty-eight miles lespeotively. Ihe velocity was obeerved to 
be thifty*eight mika a second. A vmy entvaodinary single meteoEr wae seen in many 
parte of England on February 11th, 1850, and created considerable interest. It eaploded 
near Biggleswade, al>out nineteen miles only above the Karth's surface. 

Huiiilwildt m ifle some careful observations respecting the colour of meteors. He 
found two-thiixls wore white, the remainder yellow, yellowish red, and green. At 
Qreenwidi, the majority have been l e g i st efsd of a bine odour ; the remainder whit^ 
blniah white, yellow, red, and green. On one or two oeoasiona during the display of 
1866, meteon wera lAserved to have a double outburst, the prineipel meteon passing 
on at the head of the etnam of light, the secondary nnoleua zemaining in the 
luminous track. 

Numerou.s analyses of meteors, portion.'^ of ^\ l i- h have fallen to the ground, have 
been made by chemists, both Plugli^h and luroigu. A few of theae are referred to in 
our ivmarha on aSiolitea and bolides. It a sttppoeed that the mateiial forming the 
tbitmimw^f of shooting stan visiUe on estraordinaiy occeaiona is of the same nature as 
that composing an ordinary aerolite. If so, their chemical alements consist of suuilar 
matter to that distributw! throupbovit the Earth's crti'-f, for ana!y.«!i3 has .shown that 
they contain indications of the presence of iron, copper, ziuc, nickel, sulphur, cobalt, 
arsenic, manganese, chromium, potash, phosphorus, soda, and carbon. 

We now come to a most important speculation, first pnhlisbed by M. Scbiaparelli, 
of Kilan» with nferenoe to the possibile cooneotion <rf meteon with oomete. In other 
words, ia it posrible that a eomet it composed of an aoenmulation of meteors, or that 
one largo meteor is acting as a nucleus to a system of then ninnte bodies? 
M. Schiaparelli's researches certainly give strong eridence that this question ought to 
be answered in the afhrniative. Tlie Italian astronomer may he, and probably i-<. right 
in his deductions, for it la gcueruliy acknowledged by ibu«e ooiupetent to give an 
opinioii on audi a speculative subject, that hta discovery of the coinddenoee of the 
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wlito of the stveuna of meteon with tlioM of oBrtam obwrvod oometi vauA be n hau A 

among the most remarkable in modem astronomical researches. From subseqiiaii 
invcstipitinna of M. Le Verrier and Profrfssw Adams, the deductions of M. Schiaparelli 
oppoar t<j 1m> ao far borne out, that we think the subject may even almost be removed 
from the section of " speculative " aatrouomy. In consideration of the great importimce 
of M. fidkuiporeUi't reMoroIiM, ym will endwvour to give • bnef «]^hin*ioii of wliat 
has been done on the lubject. 

Fixs^ may we aeiume it impoanUe to unagine the exutenco of a system of minute 
bodiee groaped around one or more nuclei, am, for instance, a body of meteors around 
one or more comets ? for between the systems of cometit and meteors many analogies 
have been recognised for many years past. M. Schiaparelli considers that if a mixed 
ijeteia cS this Und were bnmg^t near ow Earth by the attraetion of the Sm, the 
orhita deaoribed by its principal nuinbers wodd difler bat litde from those of the 
smaller bodiesi» It is evident, if this reasoning be trur. thai when we find the eiements 
of a meteoric ring idonticnl in magnitude and poaition with those of any known comet, 
wo may, without much stret<;h of imagination, infer that the oomet forms part of that 
ring, and would be one of its constituent members. 

hi the &Rt inrtanee, H. Bohiiyurelli seleoted toe examination the August ring of 
meteon^ whose ndisnt point is in the eomtsiDation Fianens. He thsn oaleolaled ihe 
dements of its orbit. On comparing these elements with those belonging to a large 
comet, which was visible to the iiakoH evf in 1862, they were found to be almost 
identical. In short, this comet and the meieore appeared to be revolving around the 
Sun at the some average distance, and in orbita of the same form, and inclined to an 
9qpnX aaunmi to the ediptao. To show this wooderfiil agreenien^ it will be necessary 
to give die elements in astromniioal langaage. Our rsadeia wiU oee at onoe a giesiik 
ity in <he oone^pooding poiti of the two sets of denMnta 



Perihelion passage* . . 
Aseending node passagef 
Long* of perihelion . . 

Ix)ng. of ascending nodo 
Inclination of orbit . . 
Perihelion distance . 
Direction of motion . . 



King of Avgost Goowt II., 

Metcora. 1862. 

1866, July 23-62 . . 1862, Aug. 22 9 

Aug. 10'76 . . 

d43'.2r . . 844^41' 

138M6' . . 137^2r 

64'".3' . . 66\25 

0-9643 . . 0-9626 

llctrograde . . Retrograde 



It is probable that the differences in these two sets of elements are no more than 
accidental. M. Schiaparelli finds that if he makes a slight but reasonable alteration in 
bis assumption, the differences will entirely di.sappear. He has therefore come to the 

* PeriMw% U Uuit point in the wbit at which a planet or comet k aeanat to the Son. 
t JVMt Is flie leiat whaie tba caain «f • |liBet or Um andras of a eaoiat owms the tdlifti^ 
900 
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«MiichnuMi libe greAt oomet of 1862 is no other than one ct flie Augiufc m«ieoit% 

and is probably the most oonsidexable in magnitude of the group. 

The period of revolution of the comet, and also of the August meteors, is above 
one hundred years. M. Oppolzer has calculated that the minimum distance of this 
comet from the Earth's path is less than the haul orbit. If this approaching the 
EerlJi were to take place on the lOth of Aagna^ ihortlj Wore noon, we ekoold peas 
thxoD^ a dame part of tibe oomet. 

Startling as this coincidence of elements appeared to be, and whioli waa iofficient 
to f^rrtw the attention of some of our first mathematicians to this research, a second 
comcidence still more remarkable was announced, resulting from a discussion of the 
observations of the November star-shower of 1866. MM. Schiaporelli, Le Terrier, and 
Fkofeaaor Adama, Tutn each indspendeDil^ oomputed fhe elementa of tbia great meteorie 
ring, all of whieh agree aeoaiUj with each other. Iliej an identaoal with those of a 
telescopic comet whidi appeared in January, 1866. Than aeema to be no doubt, 
therefore, that this comet and the November meteors arc also rerolnag anmnd the 
Son in a common orbit. The following are the elements of eadh:— - 





BlBg aff Hflir. 


Gonet I., 




Meteors. 






. 1866, Nov. 10 09 


1866, Jan. 11 16 






. 3318 years 


Mean dis. from 6uu (liiarth'ti = 1 


.1 . . 10-340 


. 10-325 




. . 0-004 


. 0*905 






, 0'077 




. . 14'.41' 


, ir.i8' 






. 5r.26' 




42'.24' 


. 42\24' 






. lictrograde 



A mere refesenee to tlraae figoxea » suffieitfit to aee ^eir gteai abularity^. 

It has now been decided that the periodic time of the November star-shower ia 
not 354-6 days, which was tlie interval as^ijjned originally by Professor Newton. The 
true p(>rl(Ml is ab<'ut thirty-three and a quarter years. Professor Aflam" has made 
some important calculations on the effects produced by the action of Jupiter, Saturn, 
and Uramis on tbia ting, while tiiie principal stream paaaea through space in the 
neigbboQihood of dhaae large planets. He haa oondnaiTaly abown that, dnrmg a 
period of thirty'fhree and a quarter years, the longitude of the node is increased 20^ 
by the action of .Tupitcr, nearly 7' by the aetion of Saturn, and aboirt 1' by that of 
Uranus. TIk i'h t planets produce scarcfly any sensible perturbations; so that the 
computed iucruuic m the longitude to be taken into account through these planetary 
diatnrhaiioea anoonta to about SB*. The obeanred hranaae ti longitude in tim itme 

Ml 
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interral of time is SfK. This reauksibte agraememt between obssmtkiii imd tbeory 
enabled Professor Adams to anncmnoe Ilis belief in the absolute ooncctness of the 
period of thirtj>threc and a quarter years. 

Wc haTo thus briefly shown thot the remarkable coincidences in the elements of 
certain oomota and meteon, originating in the specuktiye mind of M. Schiaparelli, 
have occupied the attention of our meet eminent mathenalioiaas. Tb» general result 
of their inTeati^tions is to oonfirm those of tiie Italian aatrovioiiier. But time must 
settle whether the connection of comets with meteors is as real as these recent 
observations and rrsearches would lend iis to suppose. If the similarity of orbits 
should, after all, turn out to be merely accidental, wo intist remark that it is one of 
tiie most extraordinary of oil ostrouomicul coincidences; for it sooma scarcely possible, 
in the doetzine of ehanoes^ that the eompated ekments of the orbits of several oomets 
should be SD e<aet a oounteipark of those <rf enreqpoiiding streams of meteon. 

Now that the August and Korember streams havo each their comet, may we not 
infer from nnalopy that the ranaininf* pystcms arc similarly nrcompaniwl P A known 
comet is suspected to belong to the April r^J^rr^ but (he observaf imis nrp too few to 
settle the point. M. Schiaparelli remarks, " I have shown the possibility that all these 
bodies, great sad small, form in spaoe i{ysteua drawn together by their own attnctiraif 
and aftearwards dispersed fay solar action. Peiriiaps^ also, what ve csll a comet is not 
a single body, but an immense collection of smaU particles attached to a principal 
nucleus. Chladni, in his work T>n Fi ucrwHeore, has considt're<l conu'fa from this point 
of view. lie has eveu propounded n tlieory of falling Hfars, differing but little from 
mj own speculations. But Chladni wrote in 1819, when little was known of the theory 
of the movement of meteorHBysteaM; bjr the akilAd maimer he handled the sabjeot, 
he was evidently working with a mind beyond his age." 

The November meteors will not in future be expected in any greal mvmben, wdal 
the principal part of (lie fifresim lias pfrfonned anothtr thirty-three years' journey 
around the Sun. The year 1900 m expected to be the date of the nest grand display. 
Obsrarations of meteors in other ports of this ring will, however, be observed as usual 
in small numbem at every aoooeeding November in the intervaL Hie author has in 
fonner intmnediate yean reoorded fha positiems of nmnenras meteors, evidently 
bolaill^Itg to the thinner parts of this ring. Al the Bt^al Obeervatofy a i^reful 
watch is nhvays kept up for the August and November meteoi% and aleo oocawonally 
when others are expected. 

Ai>:ROLITES AND BOLIDES. 

What is an nerulltc J* The general meaning of this naturol phenomenon mny be 
obtained at once from tlie derivation of the wortl, ahp, the air, and Xi'Ooc, a stone. It 
may therefore bo assumed that an aerolite was originally supposed to be a stone formed 
by some means in the Bartia's atmosphere from which it was precipitated to tiis 
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grouad. Bat dnee all meteon are now considered to be ooaniieal bodim aimng 
independuidy in apaeey their appeamiioe to us can better be exfdained hy aantnitng 

that, as the meteor enters the higher region)) of our atmosphere with an enormous 
velocify, the friction caused by its rapid motion soon ignites the materiul of which it 
is composed, when combustion and explosion is the result. All meteors, whether they 
be ishooting-fitani, aerolites, or bolides, belong to one common fiimily, and are composed, 
fur thti most part, of »iuiilur substances. But on aerolite proper is a meteor which 
luw aoeidentally approached wi&m a few miles of the Earth, where aa esplosion 
having taken place, the fragments are eoatteied in wrioua directions, some of vhich 
have been afterwards dlacovered. When tiiese fragments have boon found sooti after 
tht'ir (lescpnt, they have generally felt warm, and sometimes even liot to the hand. 
On snl)j(ctiiig these aerolites to analysis, they an; always found to be conij)ose(l, either 
of a rocky substance or of iron ore ; but the relutivo pruportious of those elements 
in difBsreiit specimens are very variable. Occasionally they are formed principally of 
earthy or rocky snbstanoee, with little iron; at other times the inm-stone prepm- 
derate^ making the aerolite lin^y a metaHio mass; while in tJie majorilj of caaea 
the metalUo and stony ingredients are indiscriminately mingled together in i^ut equal 

proportion;*. 

In the latter part of the eighteenth century, so little trustworthy evidence had 
bccu collected in relation to meteors that scarcely any person had a true conception 
of the origin of aSroIites, and all aoconnte of their fall to earth were treated as 
tales originating from ignorance and supeieCitibo. At the prtsent time, meet of these 
old accounts are believed to bo genenlly authentic ; at all events, nothing recorded in 
them is more improbable than in many modem falls, the accuracy of which have been 
proved beyoiul dispute. At the first announcement of the celebrated fall of strmrs at 
L'Aigle, Normandy, in 1803, the subject afforded much amusement to the sviis of 
Paris, and compassion was expressed in the newspapers, that a mayor of »u important 
a place should be so credulous as to believe such absurd nonsenae aa that stones had 
fallen from the donds. There wa% however, omo p'hihwtqilMr who published a tract, 
nine years previously, on a large metallic mass said to have fallen from the sky in 
SilH ria, in wliit h he announced hh belief in the possibility of the aocoiacy of the 
traditions held by the Tarturs respecting it. 

It is to Chladni, therefore, to whom we owe the first reasonable hypothesis of the 
origin of aSroUtes, whidi, although it ikiled at first to malm mwlk impression on the 
minds of scientific men, drew evwtuolly the attention ot philosopihers to the eubject. 
In 1802, Edward Howard, F.it.a., read a paper before the Royal Society, giving an 
account of the analysis of an aerolite which fell near Benarea in 1798* The result of 
liis experiments appeared to give ho satisfjiptory a conclusion as to the non-terrestrial 
orifi^in of thi.s sjK'einien, that men of K'"'cnrr« j^'enerally travo in their atlliesiou to his 
opiuiuu. When the memoir of Mr. iioward appeared m Paris, the French chemists 
were disposed at first to disagree with the opinions expressed by the EngUsh analyst, 

•OS 
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M17 known luiuoral-^. A remark of M. De Laplaoe, bowoTMr, Maviiiced tba French 
inran^ of tho possibility of th(\s(' .sfoii<>s not belonging to our globe. " It is pos^siblc," 
he says "for stones to be throwu upon our Earth by vokunocs in tlie ^fiMin. Do not 
reject, therefore, aa impossible a fact which dcaerrca to be carefully exummed ; gather 
togetber all the fiwtt of this kind, endeavour to diaoover the tnilb, and if temetrial 
pbyeice caimot explain to na the ongtn, ve ehall be able to find it ia odestia] phj^sioa." 
After l3bA fall <tf atones at L'Aigle, M. Biot was appointed by the Institute of France 
to examine on tho spot all tbe circumstances relatinj* to that rcmarkiiblo sliowi>r of 
stones. Tho ppwimi^ns collected by M. Biot were piiiced for analysis iu tho hands of 
MM. Yauquelin and Th^ard, who found that the fiubetunces contained iu tlicm were 
yvrf ttm^ to llkoae knsoA by Howard in ^e Benarea ahme. Allading to tbeae 
inTaatigationa, tbe celebrated CuTier, in a report en the progre ea of aeioinoe in tiis ten 
jeaia previous to 1809, states, "that the phenomenon of stones fallen from the 
atmosphere, known both in antiquity and during the michJle ngcf*, had only been 
pstabltshed as truths in [physical spience, during that pcriwl, by the conjccturps of 
C'hladni, the analyses of Howard, Vauquelin, and Laugicr, and tho researches of Biot." 
!nie numerona avCbenl^led IbIIb of aerolitea ainee the date of Cuviet^a report, 
c<Hnbined with the obaerved racorremee irf cstraordinaiy atar^owen at regular perioda 
of 83^ yeara, have concloaiTBly settled that these bodiee eadat and move in gpace, 
governed by the same laws as the planets of the solar system. Tlic rcscnrches of 
Chladni, whose philosophic mind first saw the possibility of" the existence of sucli a 
mass of minute planetary bodi^ have been thus proved to have been based more 
upon iudootive facts than upon the oonjeotuial raaaoninf ascribed to him bgr Csvier. 

Hi Ohladni'a traet on '* Ifanea of iron and atone reputed to have &llen from the 
air,'* he has e^rosacd nn opinion that all tho aceounta hitherto received of the falls of 
aerolites were correct. He also compiled a catalogue of them, including all the large 
fire-balls, accounts M-hich h.id been given in the works of various authors. It was 
a part of the hypothesis of Chkdui that minute cosmical bodies exist throughout the 
aolar system, all moving with a great ▼doeity, and in orfaita of widdy di&rent 
eooentnettiea around the Son. He alao oonsidered that the vivid li^t and heat of 
combnation exhibited by theae bodiea when they ore firat brought into eontact vrith the 
upper strata of the atmosphere are produced by a certain property of compressed air. 
Dr. Joule, of Mancbrstcr, made a series of accurate experiments, from which he has 
concluded that the great velocity of meteors through the atmosphere is sufficient to 
produce a heat upon the aoi&oe of tiia ■utenia body of tneh an intsnaity aa to fbse^ 
and probaUy alao to Tolatilise, the havdeet aubetanoea. Not only do aerolites edtibifc 
eertsin signs of having undergone the action of an intense heat, by the leased aurfime 
or crust with which they are invariably covered, but the appearance of silent firc- 
bullti, or bolideab and ordinary ahooting-atara, can also be explained by aimilar 
assumptions. 



Digitized by GoOgle 



JkttBOUTEB AHD BOUDES. 



FoniMrly, the noorda of » pluiioiiieium of fhii nature wen geoonlly conflned 
wittun « limited distance of the looalily whera it took jpilaoe; but owing to a eotutimt 

intcrcommunlcatiou between distant countries these occurrences are now reported at once 
to the scientific world by means of the daily press. Falls of aerolites are much more 
common than they were supposed to be in the early part of this century, as may be 
gftHierad from tlie following statenunt of Mr. Alexander Herechel, made bk 1887. Be 
Mmarin that England and Fianoe^ with tfacar d^endeneies ahme, five aerolitee in 
km weeiki, about two yeara ag0!» wore reported in the newapapers to have fallen, and 
portions of the stones were forwarded to the national mnscnms. Wliereas, in 1800, 
only three Iraj^ctitH of aprolit^s existed in the Museum of Mineralogy at Vienna, the 
same collection now contains more than 220 specimens of well«autheuticated falls. The 
gallary ot Mineralogy m the Britiah Mnoaa oontaiiM a aomemhalk gnain nmnber." 
Li the annual lepcnrta of the oommittee on ^'Lumtnona IStUmn,** pveeented to the 
British Aaaoeiation, several newly-obserred aerolites, fallen m Tankms parts of the gkibe^ 
are alwaya reoorded. In their Tdame &r 1886^ eight decided caaea of faUoi atonea are 
inserted. 

it will be interesting now to give a brief description of a few of the most 
remarkaUe aSmlitea and boUdBB» aeteeted from a liat eomtaining many othen of equal 
edentifie and popular intereat. Going beck at fiiat to Hie elaado antheta, we find that 

one of the most remarkable instances of an ancient fire-ball ia that described by Plutarch, 
in his life of Lysander, as having fallen, in the year 465 B.C., at JEgm Potamos, in the 
HeIle.Hj>()nt, ut no great di.stance from tlie modem GallipHjli. This stone is also mentioned 
by the elder Pliny, who saw it about 500 years altcrwards. The ancient record says 
that thia aerolite waa of a eoloaaal aiae^ that it waa aa large aa a waggon, and that ita 
eolour ahowed that it had been under 1h» action of fire. It ie alao atated that a large 
meteor was seen at the time it fell upon the Earth. Diogenes of ApoMonia refera to 
this firo-ball when he remarks that " stars that arc inriHible, and consequently have 
no name, more in spnoe t^ip-ethcr wit]> those that are vi.sihle. Tlietie invisible stars 
IrcqueutI}' lull to the ii.uriii and arc cxtiuguuihed, as the stony star which fell burning 
at JSgoa Potamoa." There are eavend leoorded &Ue of airolite^ more or le^ authentifib 
eoattaved o? er the uroAm at anoient writaM^ eqiedaUy in die Cbineae annala^ wbtdi 
extend backwards to the year 720 b.c, or 255 years before the fall of the aSmlite at 
iEgos Potamos. It is now well understood that the ancient Chinese were ^jvat 
obsenrcrs of celestial phenomena, and their astronomical observations have been found 
to be correct, especially their records of the dates of the appearances of comets, meteors, 
and die recurrence of ecSipaea. In the Cku» Ilww, a hiaUnical work written by 
Caiiliniiia» there are noticea of no leaa than thir^-aiz aolar eolipaeei the fint of whidi 
was observed on the 22nd of Fefaraaiy, 720 b.c, and the last on the 22nd of July, 
495 B.C. In another work, entitled Tnrtff Ki>n Rang Muh, in 101 volumes, there 
are numerous records of eclipses, comets, and falling stars, iu the order they occurred 
from the year 481 B.C. to the epoch of the Christian era. 

1 1 aw 
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An anthentio fkU of « reouurkable meteoric atmw took plaoe on ihe 7th of 'Sovamber, 

1492, at Ensiaheim, in Alsace. In tbc ShephenCt Calendar, a very ciirious and ran 
book, printed in loOG, a copy of which ifl in the lirifish Museum, this fall of an aerolite 
is thus related : — " Shepardya that lyes the nyghlys in the feldes do se many Impressiom 
in the ayer above the erthe, that they that lythe in tbcyr beddys iseea not . . . Lo 
you people ye may se that tfaeae Impreesyona he veiy marveloaat and yet Mine IgDoraate 
people wyU not heleve it, and iryll thynke it unpoeiyliyll ; but you shalle understands 
that in the yerc of oure Lorde a thousand cccclxxx and xii, tlie vi! duye of November, 
there felle one thyngo moosto marvelous in the shyrt' of ferrut : it happenyd in the 
dukedome of Autryche, by a towne namyd En»yclnjiie, and on tbe daye beforsaj-d felle 
a grete and orybyll thonder in the feldys, and there felle a grcate Thonder Stone, the 
whidie dyd way eoxl pounde and more, the vhiche atone ia thwe present and kept yet 
in the eayde towme that all maye see it that wyU come: of the whiehe Stone here 
foloweth the eppataffe wreton underneath it." This inscription appears to have been 
written in Latin, Qerman, and French. It has been rendered into Eogliah aa foUowa 

" In fowrtecn hauilrcd »nd ninety-two 
There bsppeo'd hen • gmt «H 
For diM withont, bdbra tiu town, 

Th<" icvi'litli .,f N.iv-r-niVTi'> Trifi.:.ti, 
A stuiiu was fiUru, auii tiicn- it lay, 
With tluindor, and in open day ! 
Two hundred and a iudf it weigih'd j 
Its eoloor iron. Then thqr made 

!'r. .1 r s<iion, and 't waa hitlinr borne ; 
but uiuclt by force from it was torn." 

fioon after thefidlef thii aBrolitB at "Rnweheim. tha Eapwror MawmfltBii I. happened 

to be present with his army in this part of the continent, when information was OOnTeyed 
to him that an cxtraonlinnry fire-ball had recently destfiulid from heaven. He imme- 
diately ordered a detailed account of the phenomenon to be drawn up for his inspection. 
He then b&»me ao much interested in this aerolite that he caused it to he eaapended 
hj a ehain in the cathedral of Eiuriiiheim, with the ahore inflcription attaehed to it. Here 
it remained undifltiirbed for a period of tinea eenturiea^ when, during the great French 
revolution, it was carried off to Colmar, and several pieces were broken from it. One of 
thcsf' fragments may still bo scon in the museum of the Jardin des Planter, Paris, and a 
small one of about one pound in weight is deposited in the British Museum. The original 
weight of this extraordinary meteoric mass was 270 pounds, and it is the earEeet aufhontie 
aerolite of which portions may he seen at the present time. 

An iwitfMwiK mass of iron-stone found in Siberia, in 177G, by Dr. Palhu, a tcaTelling 
ntituralist, forms the .siibjctt of tlio well-known paper by Chladui, to which wc hare 
alr<;ady alluded. This curious meteoric nias.s was found on a mountain near the river 
Jenesei, and was composed of totally different substances from those of the neighbouring 
rocks. It seemed impossihla fiur it to be a woric of art, and it was unUke any iron-ore 
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nea he&n or onoe. It ww Kctld in gnat ymieniSm liy the Tartan, among wliom a 
popular tradition, prerailfld that it had fiJlen from the stars. Da 1779, this Uock of 

iron-stone was removed to the town of Krasnojarsk, by tho fluperintmrlcnt of the iron 
mines in that locality. It was of an irregular shape, and ita weight 1,400 jwnnds. Tfs 
texture was not solid, but cellular liko a sponge, the cells containing small granular 
partiolM of a glassy nature, which vera ttthMquenlly found to be aimple mineral olivine. 
The auljeis of the at(»e^ 1^ Howard, showed that it oontained 17 per oent of nickeL 
K]aproth and John found a lees quantity of nidwl, while Laugier'a e]q>enmflnt» ahowed 
that tho portion analyspd by Tiirn wns fromposcd chiefly of silica, ma^^nesia, sulphur, 
and chromium. It would, Iherelure, appear that its composition was not of a uniform 
character. Other masses of meteoric iron have been found in various parts of the globe : 
one in the jnriadioClon of Santiago del Eitero^ ahovt (MX) aoilea novth-weat of BoeoM Ayres, 
oonaiBting of 90 par cent, of iron and 10 per oent. of nickel, qtectmena of whieh have 
been, placed in the British Muaeam. Stones of (lie s^xme metallic nature have also 
been found at the Cape of Good Hope, near Bahia, in Brazil, and at Agram, in Croatia. 
At A??rnm the meteoric body wa.s actually seen to full to tho Karth, and was considered 
for many years to be the only iron-stone which had visibly descended from the almo- 
■phere. The sky was quite ftee from doud when tiiia ivon man waa aeen ihooting along 
Ae heavena firom weet to east, making a haQow noise as it prooeedad. At the ezploaian 
of the meteor, a Very loud report was heard, accompanied by a great smoke, from which 
two masses of iron, welded together like a chain, were precipitated willi great velocity 
to the ground. A fragment of thi.s aerolite is also preserved in the Briti.sli iluseum. 

A splendid Hpecimeu of meteoric iron has been discovered near the Kio Plorido, 
Meodeo, at s place called Gonoepcion. It is fonr foet above the anrfooe of the ground. Its 
■hap* is regular, being from two to thrse foot in one direettmi, and yaiying from two to 
five in dm other. When worn by tho rubbing of hands of passers-by, it is bright, and haa 
the appearance of being nearly pure metal. A steel hatchet cut into it easily, and a 
neighbouring blacksmith has cut off pieces for horae-shoes. It is supposed to weigh five or 
aix thousand pounds. 

It ia not always easy to discriminate between tiie tme aSnlite fire-ball and an 

ordinary bolide. There is, however, a sensible diiforence in the phenomena after the 
explosion has taken place. For example, in addition to their brilliant and rapid transit 
across tho heavens, aeroliiic fire-balls genenillv Imirst with a loud report, and at tho 
same time fragments of various sizes aro cast do^n on the Earth in the form of a 
shower of stones. Bclidea, on the contrary, although oocssionally hursting with a aimilar 
report^ are ot a much more silent character. They are of a much looser texture than 
aerolite^ and are composed of nubstancea evidently much mor(^ inflammable. As a bolide 
fiits from one qiiarter of the sky to another, it burns with iiiten.se brilliancy in nil 
varieties of colour, frequently illuminating the landscape iu every direction ; but no 
stones of any magnitude are usually precipitated at the moment of extinction. During 
the great November star^ower of 1866^ sevsnt ordinary eammplfla of the bolido dam 
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were exhibited. Some boUdes have beem observed as large as the Uoon, making flail 
allmrancee for tbe temptation to esaggento when Tiawing any umnqweted odeBtial 

phenomenon. 

Tbe great niotoor which pusscxi over a portion of England and France near midnight, 
on October 7, 1868, was one of the most tnagnifioent besides of recent years. The light 
emitted fimn it waa M brilliaat, that it not enly oompletely ovarpowered Moottf but 
it ahu cast strong shadows on the grovnd. It was aooompanud by a flaming tdl of gtaat 

length, and was observed over a large extent of csountrj', accounts of its appearance having 

been roccivwl from KcyTiali.im and Clifton, nrar Bristol, Oxford, various jxirts of Tjondon, 

Brighton, Kamsgate, iiover, Dunkirk, Havre, Rouen, Paris, and other intermediate places. 

The meteor waa aeen as for as Duawldorf, in Rhenish Prossia. The diflEbKant deioriptiona 

aenitbly agrees ezocpt aa to its direetioii» iirom wbioh we may oonolnda that the whole at 

the south of En^and and nordi of Franoa wasy for a few seoonds^ brilliantly 

illuminated at tho same moment. '^Imt of the accounts mention the quarter of the 

heavens towards which tho meteor w&s travelling, but little can Ix' gathered from thorn 

when some of the observers saw it going east, others west, a few south, while our 

neighboura, the FMBAh, remarimd lliat it want north. Wa are indinad to baUara^ 

however, that, aa Tiewad from London, the matew had a nearly honaontal motion inolinad 

slightly towards the aouth-eostcm horizon, within a few degrees of which it disi^ipeared. 

Little couri<It>nce can also Ik> placed in the reputed observations of its fall to the ground. 

One of our eorreapondcntH states that he distinctly saw it descend in or near Nunheod 

Cemetery ; another mentions Blaokheath, while a third felt certain that it fell in Sussex. 

Several plama in Fiaaoa have also been named aa ipota where the meteor waa seen to 

foil. We have no doobt whatever, that all these supposed foils are mere fiuMiea in the 

minds of unpractised observers. It is very probable that in sooh a brilliant bolide the 

combustion of the composing matter wns ro pcrfe<f, that little vras left at its extinction, 

excepting: very small fmgroent.s, whitih might l>e precipitated to the Earth unobserved. 

Unfortunately the meteor does not appear to have been seen by scientific observers, 

oompetant to fix ita path in the heaveoa with reqwet to the atan. Ita general appear* 

anoe ean, howavery ba gathered from tha following remarfce: — 

From Wimbledon the bolide was seen to consist of "a rod boll, emittbg bright 

sparks, and having a flaming tail of great length, illuminating tho spot where the 

observer stood with groat brilliancy, much as a flash of lightniTif^ might do. The 

colour of the flame was bluish. The sky was perfectly dour at tho time, and the 

Moon was duniDg brightly; hat the light of tha meteor, whidi lasted aevanl 

aeeonda, completely overpowered that of the Moon The obMnrw waa 

standing with his face tho other way when the indden light made him turn 

round, and the latt<»r part of the meteor's flight was seen through trees, but so 

distinctly as if a firework wcrtj U;hind tho trees." Another account states that in 

Bt» Plaul'a Ohaidiyard everything was as dear as day, the cathedral and houses at 

liia north-weit oomer of Oannon Btreet ■*""^™g oat in hold relief agninat n 
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brillUuit thy, tins fights in the gaa-lBiiiipt being fiw the time i]tvi«3)le. An egpie-vitMM 

et Rouen has described the m^eor as "an incandescent globe which, in bursting, 
split into two tongriies of fi^^, «nd in this state fell into the Duke of Almazan's 
pleasure-grounds." Acotlier in Paris saw the bolide pass between the two stars Beta 
and Gamma UnaB Minoris, graduaUj increasing in size till it reached the apparent 
diameter of ihe Moon, when it es^Ioded. The xeport of l3ie detonetitni ma not 
heard till 5 minutee 28 leoooidB after Ihe disappearaiMe of the meteor. If thia 
interval of time Ik? correct, it -would appear to luive burst somewhere between Paris 
and the English Channel, and at least sixty miles from the observer. At the moment 
of the explosion, the bolide looked like a brilliant electrio light; it then changed 
•oddenly to a bright red, then Un^ afterwards yellow, and finally to a green oolour 
hefoare the eztinetioa. Hie report of the flsplomn waa mdonbtedly heard hy maiqr 
other persons in the departmenta of Seine^ Bammed Aiane, and Oiae ; but in all cases 
the bolide was at some distance. It has been asserted in a newspaper paragraph that 
it fell at La Yarcnno. close to the Vincennes Kailway, and tliat it was found to 
measure a metro in length. BelleviUe, near Paris, has been also mentioned as the 
spot where fhia meteor ftlL Hotwithatanding lhaae reputed hlh, we heliere!, aa we hare 
prerioiuly atated, tiiat nothmg rdiaUe ia known of the deaocnt of any ftagmantaiy 
portions of thia meteor. Aa a holidB^ howerer* tiie remembranoe of ita magnififfwniie 
will not soon pass away. 

Mr. R. 1'. Greg, of ilanchester, has catalogued all authentic bolides and siiowcrs 
of stones observed, from the oommeucement of the Christian era. The separate entries 
omoont to 8,400. Frmn thia elaborate oompilation of Hr. Giog» maiqr intercatiag 
ftUe might be selected aa jUoatratiiaia of theae estraordtnary fiery meteon^ bait there 
ia ao Teiy mooh in oommon obaerved in the appearance of all la^gie boUdae tiiat it is 
not necessary to give more than a brief notice of a few striking ezamflae of fieiy 
meteors wliicli have occurred during the last and present centuries. 

The hrst is that extraordinary blazing meteor seen ail over England, on the 
eivening of Uareh 19th, 1719, and which waa aappoaed to he at beat a mile in diameter. 
A Ibll deaoiiption of its appearance was drawn up by Dr. Halley. This meteor waa 
observed at London, Oxford, several places in Cornwall and Devonshire, Worcester, 
Kirkby Stephen on the borders of Westmoreland and Yorkshire, Aberdeen, Paris, Brest, 
and other places. Dr. Halley computed its height to be about sixty geographical 
miles. A detonation like thunder ahook the hoeaea aa it paaoed. In Ihe aoiiih*weatMn 
oountiee the esploaion waa heard aa the report of a Teiy great eannon, w xather 
of a broadside, at a distance, followed by a miaoeUaneooa noue, ae if a volley of 
small arms had been discharged. " What was peculiar to this sound was, that it 
was attended with an uncommon tremor of the nir, and everywhere in those counties 
very sensibly shook the gkss windows and doors in the houses, and, acooiding to 
eome^ even the hooeaa tkemaelves, beyond the ueoal elliMt of oennoa» though near; 
and We. Crnwyi!, at Tiverton, on thia oocaaicn hiat a loohing-glaai^ whieh being 
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looM in its frame, fell out on the shock, and was lm>ken." In IxmdoD, tin Kglit 
emitted from the meteor was little inferior to that of the Sun, candles gave no 
light, the stars disappeared, nnd the Moon, tlxii nine days old, was scaroaly vinUt. 
The general uppcaroucc all around was that of perfect day. 

Anoiihar mtHax of hktorie interert trai obienred ii«ur fienttn^ oil Deoamber 19ih, 
1798, near 8 P.ic It had th» form of ft Urge ball of fire, aooompanied by a nm 
reeembltng thunder. The noiM was followed by a sbower of heftTj stones. Tiuj 
reached the Earth with a gieot velocity, penetrating the ground to a depth ef ai 
inches. The sky ;it tlit> tifne was prrfecfly clear, as it bad been for pome dar» 
previfHifly. Tlio stujics licloiifjin*^ to tin's lu'riilito wvro. of (lifTorent siz("s, the m i-l 
perfect having the form of an irregular cube, rounded at the edges, but the angles 
weire tw the meet part preaerrod. They Taried from three to more than finr 
indtea in length; one of the largest weighed two pounds eleven onnosBk The 
•tones wrrc cnvcrcd with a }iar<I slid dark incnistation, resembling in some plseei 
a kind of vuniisli. Most of tlifin wcro partially frac tured, probably from tlio effcH* 
of the concuissiun on reacbiiig tlu- ^touiuI, fir by tlic ^(triking of one stone agaiast 
another. They also appeared to have been subjected to on intense heat. This is 
the same meteor as that analysed by Howard, the details of which are givai in 
the Philatcpkieal TramgetioM for 1802. 

A magnifioent bolide, Tistble over the whole of England, tnm. Northnmbeiriaiid to ibs 
Xaad'a End, was yay nieeessfully observed at 10'' 45" p.m., on February 11th, 1860. la 
apprarance it was very similar to fliat of October 8th, 18G8; but its path among the 
stars was so carefully jiot«'(l, that to tho wii iititic obsprver it ( xcccds even that celebrated 
meteor in interest aud importauce. The accouut<i from qualiiiod observers received at the 
Boyal Obsenrstory and bj Ifr. Qlaisher were rwy amnerons. One from the Bev. 
J. Jordan, of Snston^ Ox&rddiir^ gives a description of the metsor as seen in his 
neighbourhood. He hod been in bed abont ten minutes when a vivid flash of light sboxie 
npon his Trindow, roiiiainiiig for several spcoiids. Pliortly afterwards a sound was heard as 
of a dreadful explosion, wbich slKK>k tlio window of the room and the whole of the house. 
He says : — " The next morning the noise of the explosion, us well as the light which 
had been aeen, ware xn every one's month ; seraral thinking, as I bad doiM^ tiiat some 
persons had eome nnder their windows witii a dark lanteni. My own aervants were 
greatly alarmed, and believed tiiat a violent entiy had been made into the house, 
mistaking the SD^losion for the falling of a heavy shutter. Some of my nei^UlMAir^ 
on hearing the noise, fancied fliat barrels bad burst in fbcir cellars, others tbonpht that i 
. door or shutter was broken open and thrown down ; and indeed the alarm was gtjneral 
so loud was the noise, and so peculiar the ^und as diilering from that of tliunder.' 
Anotiier observer remarks, that the meteor first appeared aboat four times as larg;e s 
Yennsi, witii a dark golden lustre. It then rapidiy increased in magnitudsi, till the wluj! 
heavens were lit up with brilliancy. The light exceeded that of the ihll Moon. J 
Bartwoll, near Aylesbury, it seemed like a great mass of fire darting anosa the aky fro 
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west to east; a report like fhunder followed about two or three mtnutee after the 

extinction. 

This great meteor was observed at Greenwich, Briprhton, Bath, Penzance, Hirmingham, 
^ugby, Nottingham, Chester, Hull, Durham, and at several iDtcrmcdiato plau-cs. The 
oheervalions showed that it paeaed over l^nopshtre, Warwidoihire, NorthamptoctshiTe^ to 
the Tioiiiitj of Biggleewad^ m Bedfordehire, whmre it exploded. At ite first aj^Manmco 

its altitude above the Earth was about eighty-fonr miles, and at its extiuctiou nineteen 
miles. Tlie actual diameter of this fiery globe was eupposed fo he from ],f>00 to 0,000 
feet, or one-third of a uiilc. Its tail, or stream of lig-lit, attaLlied to the head or mieleus, 
was of great brilliancy, and from tho uotos of the observers, mu»t have been several miles 
in length. 

A hriniant detoaatiDg meteor obserFed hj "Mr. WisTTen De La Bne near Cnn&rd, 

Middlesex, on the evening of November Qlat, 1865, deserves a special mention. This 
beautiful meteor r<3se from the eastern horizon surrounded by a halo of light r^imilar to 
a comet. When about fort\- decrees hiffli, it emprjrcd like a fire-ball from a Roman 
candle, with a blue colour, uud about a quarter uf the size of the Moon. This meteor 
traTersed Hie entire length of the Tslley i^ the ISiamee, perfonning a distanoe of 
sevens-five miles £tom east to west in about mx seooads and a half. Mr. PuiroBBf of 
Wimbledon, heard a loud report, like t)mt of a cannon fired off at some milsa distant, 
about two minutes and twentv seconds after tho meteor had disappeared. 

Some of the largest meteors have been observed in broad daylight ; that which we 
have previously mentioned as having fallen at L'Aiglc, Normandy, is one of the most 
remarkaUe of tiiem. On April 36th, 1808, the sky bsing clsar, a small rectangular 
doud was seen to move with great rapidttgr over various places in Noimaody, soma of 
which were far distant from the others. At L'Aiglo loud explosions were heard, 
resembling the sound of cannon and musketry, at the time this elo\id-like phenomenon 
was apparently overhead. Soon after, a loud hissing noiae was heard, and stones were 
seen to fall to the ground. It was sube^oently discovered that the stones were scattered 
over a qMoa two and a half Isagues long by <nio broad. Above two thousand were 
eoUectcd, varying in weight from two drachms to seventeen and a half pounds. IVom 
an analysis of ano of these stones by nieiiard, it was found to contain equal proportions 
of silica and iron, of 45 per cent, each, with small quantities of magnesia, nickel, and 
sulphur. 

Ihe bat mataor which we need describe is also one obserred in the daytime. It 
was evidently one of tiie largest class of bolides. It appeared about a quarter to deven 
on tiie morning of June 20th, 1866, and was visible as a very brilliant object from 
TOrious parts of England and the continent, principally, however, in tho counties of 
Kent and 8us.?ex, at Boulo«»nc, Calais, mid Lille, in France, and as far as Delft in 
Holland. From a comparison of several observations, this meteor is supposed to have 
exploded over soma port of tho district between the towns of Boulogne and St. Omer. At 
Boulogna the ccnunuaion of the air produoed by the explosion was univenally felt within 
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lunuM. Mr. Fnuioit Galtom, then one of the eecreto ri ee of die Brituh AMooiatioii, 

who wtiH rL-siJiiig at HuA UcM Boulogne, heard the explosion, and notioing that the 
people in the hutol were rtinning about tin- liouse and into the courtyard in a state of 
alarm, n.skiii<^ one anotlier what liad liappiiu'd, and observin<); also that crowds were 
coUcctiug ill the atrect, he went out just in time to uec the lung, narrow, smoke-like 
trein of ft meteor hanging in the sky, the aTerage breadth of the train of nnolBe being 
about one degree. Ai Wrotham, Ken^ a shook ainiikr to that ct a heavy body ftUing 
oirerhead shook the houses and windows^ and startled labourers in the fields. There 
were two reports at this place, ono apparently coming from the S.W., and the other 
in the opposite dim tion, which seemed like an echo of the first. At Dover Castle a 
loud report was huard thirty seconds after the disappearance. Mr. Nasmyth saw the 
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matoor ftram hk reaidsaoa at Fteshniat distmetly pass aeroia a desr break in the s^, 
and then disappear behind a mass of donds. Ha heard no report of the es^dosimi. 

Mr. Nosmyth's (jb-servations will giye the reader a clear eonoeptuni of this remarkable 

daylight bolide. He remarks that, "while walking in my garden about a quarter to 
eleven on the forenoon of June 20th, I was startled to sec a bright red eoinet-sha[>ed 
object rapidly moving across the clear biuo sky about '66° above the horizon. The 
length of the meteor was about 1% or twice as kng as the Moon appears in diameter. 
The motion was majestio, yet rspid, fixr it tra w s ed a spaee <tf 8(y* in rather less than 
two seconds. The direction was from N.W. to S.E. The advancing end of the meteor 
was brilliant red, with a white or shining envelope or head; the after part, or tail, wa.s 
a ragged fan-shape, with a waving motion, accompanied by white vaponn^, and followed 
by a iaint white vapour- tail. It disappeared from my sight behind a masi oi clouds, 
and I listened fiv some time to eateh any report or soond of explosion, but I heard 
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noM. The {MMBge of tbie motoor was nearly pttrdlel to die liain«m» but with a diglii 
dip or <l*«>Kiift to the S.E. It is impossible to convey by words the iinprts^ion Irft by 
the nppcnrnncc of tliis mystorious object, majesticnlly trnrcri'ing the clear l)luo sky diu ing 
brilliant sunshine. Ilad it made its appoaiaace at night, the whole of England would 
haT© seen more or less of it« light." 

Aooording to the mearclMiB of the Mtebntted Swedish ehemist, Berzelius, the chemical 
elemeota of whidi the greater part of these meteoiic masses are oomposed are Tery similar 
to those which are fbund throaghoiit the Earth's crust, including iron, nickel, manganeset 
cobiilt, cliromium, copper, zinc, arsenic, soda, potash, pliospliorus, sulphur, and carbon, or 
about ono-tliirc! of all the known simple bodies. In some alrolitea additional substuTiccs 
have been found to a more or less extent. The mode in which the constituent parts 
of aSiroUfea are c o m pou nded giTes than, howevert tiie geoeral aspect of something 
Hareign to our tsllune roclw and minerals. But this is more apparent than real, for 
wo have stated in u prcviouH chapter that there is every reason to bdiere, from the 
spcptrum analysis of the light of the heavenly bodies, that not only moteors, but all 
the stars and other objects moving in space have been formed, more or less, from, 
materials analogous to those which are to be found in our own terrestrial globe. 

"When I consider the heovens, the work of Thy hands — ^iho Moon and the 
stars, which thou hast ordained — Lord, what is man that Thou nrt mindful of 
him, or the son of man that thou rcgardp!?t him?" Feelings similar to those 
expressed by the Psalmist have probably entered occasionally into the minds of all, 
more or less, who eoaitsniplate tho aspect <tf the heaTon^ either with the unaaikted 
eye, or 1^ the spaee-penetnting telescope. If we compare onraelm andividaally 
with all this vast and unknown infinitude of space above and around us, it is natural 
to feel ovcrwhclmod with tho magnitude of the wisdom displfiyed at this unbounded 
creative power of Gon, and of our comparative individual insignificance. ]>r. A\ iH-well^ 
in hia excellent Bridgcicaler Treatm, remarks that " if, endeavouring to trace the plan 
of the vast labyrinth of laws hf which the universe is governed, we are sometimes kat 
and bewildered, and can scarcely, or not at all, discern the lines by which pain, and 
aorrow, and vioe^ fall in with a scheme directed to the strictest right and greatest good, 
wc yet find no room to faint or falter; knowing that lliese are the darkest and most 
tangled recesses of our knowledge ; that into them science has as yet cast no ray 
of light, that in them reason has as yet caught sight of no general law by 
uddeh ws may securely hoAd: while, m those n^jkms where we can see clearly, 
where sciffiMe has thrown her strongest illaminatton upon the aoheme of creation; 
where we have had displayed to us the general laws which give riao to [ill the 
multifarious rariety of particular facts; we find all full of wisdom, and hannony, 
aiul beauty: and all this wi.se selection of means, this harmonious combination ot laws, 
this beautiful symmetry of relations, directed, with no exception which human investi- 
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gation has yet dls<'0\ ci i^, to the preierTBtioiif the diffiinoii» ib» weQ-being of thoso 
living things which, though of their nature we know 10 UttJe* we cannot doubt to be 
the worthiest objects of the Creator's cure." 

£ecent observations ha>'e (>hown us that the evidence i» now decmve as to the 
eadetoiee of an almoRt perfect aimh)gy between the demeatuj mstetiflli eompoeuiig the 
Tarioas celestial bodies, all separated firom each other by distances too vast for oar 
eottOBptunu. If, then, to this fact', we add, witli j>( trL'rt certainty, that the peculiar 
movements of the binaiy stars indicate clearly that the same laws of universal 
gravitation which govern the motions of the Earth and planets around thr Sun exist 
in the remotest regions of the universe, one cannot avoid believing that all this order 
and rcgidarity must have been produced by some guiding hand, even by the one Great 
Creator of the heavens and the earth, aaul all that ia contained in them. We have no 
faith in the opinions of those phOoaophevs who throw doubts on this anbject^ and who 
refer the origin of uU things to natural caus^, which they are, however, unable to 
explfiin. As an astronomical observer for more than thirty ypfifs, tho author may 
perhaps be permitted to remark, that every year add« (rmh conviction to his mind that 
all this order in the formation and movement of the stars and planets could not 
poesibly have been the leeult of aimple natural cauaea without the eontrolling hand 
of a governing Architect of the univeneL In hia opinion, humble tiboogh it maj be, 
he cannot believe for one moment that the "starry hosts" above us have oome to as 
hy mere chance; but, on the contrary, that thr-y all exist for soma wise purpose, 
probably unknown to us, through the unerring will and power of TTim w'ho "spake, 
and it was done;" who "commanded, and it stood fast." 

"Ob t who can U(t above a carelew look, 

Whilo mcb bright twnes as th«M bia tlioflgYiU engogi:, 

Ari'I (!:i.il't, whi!*' Trailing fr'iin s.:. fiir :> liovk. 

Thai Cifd'a ovvH I'iUgiT lrtti;*;4 lltu ^ly^viu^; J'^iJ^ J 
Or deem th<^ nulianre of yon bine »x|iati»(», 

With all iu stany boata, tha canka» work ol Cuascb 1" 
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"Or old hast thon kid the foun>lAtii>n of the ««rth ; 
And th« hearnM are the work of thy handik 
Tli' v -.hull I'l'iish, liiir thou shall einlup' ; 
Yfji, all of tix'tii aboil wax okl like a garmrnt ; 
Aa a vesture slialt thou ehiiag* fheni, ami they ihalt be chaqgad ; 
Bat thou tat the tuat, Mid thy yean ebaU haro no end. 
TIm etiildren of thy •errant* ehali eontinti*, 
And fhclr mtd dttU b* cataUiihad b«r««* thee." 

PmOm cii. 25-2S; ir<&. i. 10-12. 
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ME heavens declare the glory of Qod; and the firmament showeth his 
handy-work," Devout men in all ages have delighted in the contemplation 
of Jehovah's majesty and power, aa displayed in the Sun, iloon, and stars, 
which he has created. The psalmist Ilavid, among other sacred writers, may be quoted 
for the doliglkt and pioiis awe with wliieh bo dwelt vspm the eaUinie aabjeet of 
astranouiy. *'Bj fhe woid of the Loid were the heavenft made; and all the hoek of 
them hj the breath of his mouth." " Of old hast thou laid the foundation of the 
earth ; and the heavens are the work of thy hands." Ye are blessed of the 
Lord which made heaven and earth. The heaven, even the heavens, are the Ijord's ; 
but the earth hath he given to the children of men." "When I consider thy 
heavens, the work of thy fingers, the moou and the stars, which thou hast ordained ; 
what ia man, that thou art mindfiil of himf and the aon of man, that then 
tiaiteet himf" 

The prophet Isaiah, too, atands out prominently among those who gathered 
ar^ments for his moat solemn appeals, by references to the wisdom and might and 
goodness of the Lord as exhibited in the firmament above, m well ua on the earth 
beneath. "Thus saith the Lord, thy Redeemer, and he that formed thee from the 
wovnb, I am the Lord that maketh all things; that stretcheth forth the heavens alone; 
that tpreadeth abroad the earth hy myadf." *<Thaa aaith Ood the Lord, he that 
eieated the heavoN, and atretdied them out ; he that apiead Ibrth the earth, and that 
which coraeth ont of it ; lio that giveth breath nnto the people upon it, and spirit to 
them thnt walk therein." "Who hath measured the waters in the hollow of his 
hand, and meted out heaven with the spnn, and comprehended the dust of the 
earth in a measure, and weighed the mouniuina in scales, and the hills in a 
halanoeP*' **It ia he that aitleth apon tha emda of tba earth, and tha inhahitanta 
thereof axe aa.gnMahoppera; tiiat atretdieth out the heayena aa a curtain, and 
aiiveadeth than out aa a tent to dwdl in." 

In like manner many other of the iuptred writers, hy raising their eyes and 
their thoughts to the immensity of space above and around th<' small globe on 
which they dwelt, obtained clearer conceptions of the God whom they worshipped 
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ftnd pfodaimed. ''Tbmi, evoi thou, art Lord alfliie," aayt one; *'th<m hast made 

heaven, tho heaven of heavens, with all their hoaty the earth, and all thin^ that 
are therein, the seas, and all that h therein, and thoia preeerveat them all; and 
the host of heaven worahippcth thee." 

"By Lis spirit Uo hath garnished tho heoveos," adds another. "He strotcheth 
out the north oiver the empty place, and hangeth the earth upon nothing." " Which 
alone spreadeth out the heavens, and treadeth upon the waves of the ssa. Whidi 
naketh Arctums. Orion, and Pleiades, and the chamhers of the itouth." 

"Ah Ix)rd Go<l," exclaims another, "behold, thou hast made the heaven and 
the earth by thy great power and stretched out arm, and there is nothing too 
hard for thee." 

The writers of tlie New Testament, and the apostles ef our Lord, were not 
ulent on this intsresting theme. "Through faith we understand that the worlds 

were framed by the word of God." "Thou, Lord, in tho beginning hast laid the 
foundation of the earth ; and the heavens are the works of thine hands." " We 
also," said Paxil to fho heathens who would have worshipped him and his fellow- 
apostle for a miracle wrought by thorn in the name of their Master — " we also 
are men of like passions with you, and preaoh unto you that ye should turn from 
these Tanitiea unto the living Qod, whioh made heaven, and earth, and the sea, and all 
things that are therein." 

One or more passages, selected from many others, may fitly be added, as referring 
us to tho preat inystoni' f>f podlinra?, Ood mnnifest in tho Hesh. " God, who at 
sundry times and in divers manners," says the writer of the epistle to the Ilebi-ews, 
"spako in time past unto the fathers by tho prophets, hath in these last days 
spoken unto ns hy his Son, whom he hath appointed heir of all things, by whom 
also he made the worlds.*' "All things," deolares the apoatis John, "were made 
by him, and without him was not anything made that was made." "For by 
liini " [lbc Lord Jesus Christ], testities the apostle Paul, "were nil things crrnfed, (h:it 
are in heaven, and that are in earth, Nisible and invisible, whether they be thrones, 
or dominions, or principalities, or powers : all things were created by him, and for 
him : and be ia before all thinga, and hgr him all things consist." 

And what of those vast luminaries whieih have heen presented hefore our wondering 
thoughts, and described in the preoeding diapters : " shall wo say of them," asks a 
modem writer, " tlint tliey wore created in vain ? Were they enllcd into existence for 
no other purpose than to throw a tide of useless splendour over the solitudes of 
Immensity ? Our Sun is only ouc of these luminaries, and we know that he has 
worlds in his train. Why should we strip the rest of this prinoely attendaneeP Why 
m^ not eaeh of them be the oentre of hk mwn system, and give light to his own 
worlds ? It is true that we see them not : but could the eye of man take its flight 
into those distntit regions, it would lose sight of our little world before it reached the 
outer limits of our system; the greater planets would disappear in their turn, before 
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it had described a small portion of that abyss which Rpjiarates U8 from the fixed stars ; 
the Sun would (loclino into a little spot, and all its sjjlcndid rctiinio of worlds would 
bo lost ill (he obscurity of distance. Why resist the grand and iutcrcstiug conclusion? 
Each of these stars may he the token of a system as vast and glorious as the one 
vliiah Wd inhabit. Warlds roll in theaa diatBiit regions ; and thow worlds mxult be ibe 
mantiffnt of life and of intdUgence. In. yon gilded canopy of heaTcn we see tlie broad 
aapect of the universe, where each shining point presents us with a sun, and each mn 
with a system of worldsi, where the Divinity reii^ns in all the grandeur of his high 
attributes, where he peoples immensity witli his wonders, and travels in the greatness 
of his strength through the dominions of one vo^t and unlimited monarchy.'' * 

The aame writer, after expatiating on the wondexs brought to our knowledge by 
modem aatronomy, goes on to aak, "And what ia thie wwll of onia in the unmenmty 
of space? and what are they who ocoapy itP The universe at large would suffer as 
little, in its splendour and variety, by the destruction of our planet, as the verdure 
and sublime magnitude of a forest would sufler liy tlie fall of a single leaf. The loaf 
quivers on the branch which supports it. It lies at the mercy of the slightest 
aoeideiit. A breath of wind tears it from its stem, and it lights on the stream of 
water which passes vndemeath. In a moment of time the life, which we hnow, by 
the niorosoope, that it teems with, is extinguished ; and, an occurrence so insignificant to 
tho eyo of miin, and on the acale of his observation, carries in it, to the myriads which 
people this little leaf, an event as terrible and as decisive as the destruction of u world. 
iNow, on the grand scale of the universe, we, the occupiers of this ball, which performs 
its little ronnd among the suns and the f^fvtenui ibat asbonomy has nnfblded, may 
feel the same Ettkness and inseeimfy. We di£^ irom the leaf only in this drcum- 
stance: that it requires the operation of greator elements to destroy us. But these 
elements exist. The fire which rages within may lift its devouring energy to tho 
surface of our planet, and 1 1 unstorm it into one wide and wasting volcano. The 
sudden formation of elastic matter in the bowels of the earth, may explode it into 
fragmenta. The exhalation of nozioiia air from, below, may impart a Timknee to the 
air anmnd as; it may affect the delicate proportion of its ingnsdients; and the whole 
of animated nature may wither and die under the malignity of a tainted atmosphere. 
A blazing comet may cross this planet in its orbit, and realise all the terrors which 
superstition has eonccivcd of it. ^Ve cannot anticipate with prwision the coosequeuces 
of on event which every astronomer must know to lie within the limits of chance 
and probability. It may hurry our globe towards the sun, or drag it to the outer 
regtODB of the planetary ^stem, or fpv9 it a new axis of revolution; and the elBset 
would be to lAange the place of the ocean, and bring another mighty flood upon our 
i8lund>? and continents. These are changes which might happen in a single moment 
of time, and against which nothing kuowu in the present system of things provides 
us with any security. 

* Dr. Ciuklmen' IHncQurict oa ChrMan JtcKfaiion viewed oi cmiicciwH wilA Modem Attremmg, 
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"Now, it U this littleneM and ihia inMettrifj wbieh umIem the inotectioia of 

tbe Almighty so dear to us, ond brings with such cmphtuis to every pioiu booom 
the lioly Uswns of liunu'lity and gratitude. The God who sitteth above, and prr- 
eides in high nnthnrity over all worlds, is mindful of tnaTi ; and though, at this 
moment, Ma energy is I'clt in. the remotest provinces of creation, we may feel the 
Mnae •Bcority m his proTidenoe as if we wero the oljecta of his imdirided care. 
It w not for vs to bring our minds up to this mysterious agoncy; hut such is the 
iiUKMiqwebensible Ikct, that the same Being whose eye is abroad over the whole 
universe, gives rr flotation to every blade of grass, and motion to every particle of 
blood whirh circulates thniugh the veins of the minutest animal : that, thongh 
his mind takes into its comprehensive grasp, immeD£ity and all its wonderss each one 
(if as is OS much known to him as thuugU we were individnally the single objects 
of his attention : that he narks everjr thongfali, feeling, and movement within us ; 
and that, with an exercise of power which we cannot comprc>hend, the ssme God 
who sits in the highest heaven, and reigns over thr> glories of the firmsment, is 
at the right hand of each of us, to give every breath we draw, and everj comfort 
we enjoy." 

Well may we say with the psalmist, in adoring humility, " Such knowledge is too 
wimdeiM for me; I oaonot attain unto it;" and ask. in astonishment^ with Kag 
Solomon, "But wiD God indeed dwsQ on the eartiiP behold, the heaven, and heaven 
of heavens, eaoaot oontain thee ! " 

But wo mny ndvnTice still further in our thoughts. What God is doinpj for and 
with ouch of us, he is doing with all the dwellers on earth, and has been and will 
be doing with all the countless millions who have peopled or will people it, i'rom the 
oommenoement of time to its dose. "With a mind unburdened by the vastness of 
aU its other eooeeras, he can pro e e e nt ^ without distraction, the government and 
guardianship of everj* single son and daughter of our species.'* 

" It is, indeed," adds the writer we have quoted, " a mighty evirlcnce of the 
strenirth of his arm, tliat so many millions of worlds are suspended on it; but it 
surely makes the high attribute of his power more illustrioua when we know that, 
while expatiating at large among the suns and the systems of astronmnj, that power 
is, at the veiy same instant imprssstng u movement and a direction <m all the minuter 
wheels of that machinery which is working inosssantly around us.*' This is what the 
Almij^hty Maker of heaven and earth is doing. 

And whot yet will lie do? AV'hat is to be said of fbnse reraarhnble piis-sa^-es in 
the !New Tcstxuncnt, in which ure set forth, in prophetic language, at once sublime and 
teirifie, the final doom of the earth we inhabit f Is it credible that this Berth is to 
be eonsumsd by fire, — that the Smi and Uoon are to he darkened, that the stars of 
heaven are to fall, that the skies are to be wrapped in flame, and to bo rolled up as 
a scroll, — nrc these oriental figures or dread realities, whioh, at no distant day, are 
to strike terror to the inhabitants of the earth t 
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"I fnmkly confrss," gays tinothcr "vrrftcr,* "that I do not know how to nnswt^r 
these quostiouB, and I do not believe that ail the science and philosopliy which now exist 
on earth, con fit an individual one particle for their comprehension or solution. There 
an thaw who find in the mtenuil stmctnrQ of iho £Mrih*>«it* ToloHaoes, with their 
men of mtdten. hiTB»— eridenoM of the way in whioK then enUime jwedicticnia are 
onv. day to be aeoompluhed. I dare no^" edda the wi'itcr, " thus point out to the 
AU-Wise the meaiiB to aocompliih hie puipoeoe. I ean only bow* end reverently accept 
what is written." 

" And do you believe," it may be asked, " that the day will ever come when this 
great gbbfli, witii ite rockprifaibed moontniaei ihaU melt nith fisrreat heatj^ite oceen 
biUom flash into unmeasured volumea of fiery eteanif^when flaming fire ahall wrap 
the doomed planet, and devour ita very being, and Uot it from ita kindred fiinuly 

of Worlds?" 

Here is tlic answer: — "I know of no special reason wliy this Earth slinuld be 
eternal. Its destruction does not involve the well-being of the universe ; and were 
it blotted from eodatenoe^ it would bnt momeiitarily disturb tiie equilibrium of the 
great scheme of woxlda, of which it forms on insignificant unit.*' 

And when it shall pk-nso God to destroy its present form, by a boptism of fire, 
He can brin^ it out of this ordeal, — not one atom of matter lost, but all rc-moJelkd, 
restored, re-croatcd, a new world tilled with beauty and joy and perpetual happiness; 
where death — the wages of sin — shall never appear ; and where neither tear», nor 
sobs, nor aorrowa^ ahall dim the beauty of its enchanting abodes. 

There is yet one more thought whieb, in this closing chapter, must be barkfly 
touchtHl upon. It relates to the redemption of our otherwise ruined race by the Iiord 
Jesus Clirist. However it moy be with other worlds, sin has entere<l into ours, and 
death by sia. Eut is it conceivnble, it has been asked, that Ood should jiay so much 
attention to this one world, ond set up such wonderful provisions for its buueht m are 
announced to us in the Christian levdationP — ^''tbat the coneema of this puny ball, 
which floata its little round among an infinity of larger worlds, ahould be of auoh 
account in the plans of the Eternal ; or should have given birth in heaven tu so 
wonderful a movement as the Son of God puttinpr ' ti tlie form of our d( (graded 
species, and 8<>jnurnlng amongst uh, sharing in all our lufiriuitiis, aiul crowning the 
whole scene of humiliation by the disgrace and agonies of a cruel martyrdom ? " 

AH this is wonderful; but it is true. And how can we tell that the somes of 
Oalvary, and the eflecte of Christ's dealh, may not have been the salvatbn of all other 
worlds, and of myriads of int(llin;<nt creatures by whom they are peopled? And if 
not, "what n grandeur does it throw over every step in the redemption of a fallen 
world, to think of its being done by iiim who unro!>e<l liiin'»elf of the glones of so 
wide u monarchy, and came to this humblest of its provinces in the disguise of a 
servant, taking tibe form of our d^raded species, and letting himsdf down to sorrows, 

• Dr. Mtielicl, w Tkt Ad mu mr tf UW A'Nk 
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and to sufferings, and to death for us! In this love f in xpiring Saviour to those 
for whom in agony he poured out his soul, there is a height, and a depth, and a 
length, and a breadth " which we cannot comprehend indewl, but which w<» are called 
upon to admire and ombraco with all the ardour of truo repcutauoe, faith, and Christ- 

then, neglect m great ealvattoa« aor loea biold <£ an 
alonanent mada aura by Him wlio cried that it vaa finiahed, and brought in an 
everlasting zighteouinesa. 

" It was not the visit of an empty parade that he made to us. It was for the 
accomplishment of some substantial purpose, and if that purpose h announced and 
stated to consist in hi« dying, the just for the unjust, that he might bring us unto 
God, let ua nerar doubt of our aooeptanea in that iray of eoaununication with our 
fkther in heaven, whioh he haa opened and made known to oa. In taking to that 
way, let us follow hla every direction with that humility which a aenea of all hie 
•wonderful condescension is fitted U> inspire. Lot ua give ourselves up to his guidance 
with the docilitj' of children, overpowered by a kindness that wo never merited, and a 
love that is unequalled by all tho perversenoss and ingratitude of our stubborn nature. 
Poar, what diall wa randar to him for euoh mysterioua ban^te— to him who haa thua 
been mindful of ua, to him who thua haa deigned to visit uaf " 

May God, by his Holy Bpirit, give us grace 80 to read the book of Nature opened to 
us in the wonders of a5?tn>nomy, and mukinf^ known to us the jwwer of God in creation 
and prcwrvation, that we may more than ever prize the book of his Love. Hero 
is marvellous mercy ! " God so loved tho world, that he gave his only begotten 6oa, 
that whoaoevar beliavath in him ehoold not perish, but hava ereilaeting life.*' Be it 
oum to reqMmd, in devout admiration and gmtitude^ "I am not asliamad of the 
goa|>el of Ghriet: for it ia the rowan of Goo usito salvation.*' 
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